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SYNTHETIC PEPTIDES AND USES THEREFORE 
FIELD OF THE INVENTION 

THIS INVENTION relates generally to agents for modulating immune responses. 
More particularly, the present invention relates to a synthetic polypeptide comprising a 
5 plurality of different segments of a parent polypeptide, wherein the segments are linked to 
each other such that one or more functions of the parent polypeptide are impeded, 
abrogated or otherwise altered and such that the synthetic polypeptide, when introduced 
into a suitable host, can elicit an immune response against the parent polypeptide. The 
invention also relates to synthetic polynucleotides encoding the synthetic polypeptides and 
10 to synthetic constructs comprising these polynucleotides. The invention further relates to 
the use of the polypeptides and polynucleotides of the invention in compositions for 
modulating immune responses. The invention also extends to methods of using such 
compositions for prophylactic and/or therapeutic purposes. 

Bibliographic details of various publications referred to in this specification are 
15 collected at the end of the description. 

BACKGROUND OF THE INVENTION 

The modem reductionist approach to vaccine and therapy development has been 
pursued for a number of decades and attempts to focus only on those parts of pathogens or 
of cancer proteins which are relevant to the immune system. To date the performance of 
20 this approach has been relatively poor considering the vigorous research carried out and 
the number of effective vaccines and therapies that it has produced. This approach is still 
being actively pursued, however, despite its poor performance because vaccines developed 
using this approach are often extremely safe and because only by completely 
understanding the immune system can new vaccine strategies be developed. 

25 One area that has benefited greatly from research efforts is knowledge about how 

the adaptive immune system operates and more specifically how T and B cells learn to 
recognise specific parts of pathogens and cancers. T cells are mainly involved in cell- 
mediated immunity whereas B cells are involved in the generation of antibody-mediated 
immunity. The two most important types of T cells involved in adaptive cellular immunity 
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are <*P CD8 + cytotoxic T lymphocytes (CTL) and CD4 + T helper lymphocytes. CTL are 
important mediators of cellular immunity against many viruses, tumours, some bacteria 
and some parasites because they are able to kill infected cells directly and secrete various 
factors which can have powerful effects on the spread of infectious organisms. CTLs 
5 recognise epitopes derived from foreign intracellular proteins, which are 8-10 amino acids 
long and which are presented by class I major histocompatibility complex (MHC) 
molecules (in humans called human lymphocyte antigens - HLAs) (Jardetzky et al y 1991; 
Fremont et aL, 1992; Rotzschke et al y 1990). T helper cells enhance and regulate CTL 
responses and are necessary for the establishment of long-lived memory CTL. They also 

10 inhibit infectious organisms by secreting cytokines such as JFN-y. T helper cells recognise 
epitopes derived mostly from extracellular proteins which are 12-25 amino acids long and 
which are presented by class II MHC molecules (Chicz et al. y 1993; Newcomb et aL, 
1993). B cells, or more specifically the antibodies they secrete, are important mediators in 
the control and clearance of mostly extracellular organisms. Antibodies recognise mainly 

IS conformational determinants on the surface of organisms, for example, although 
sometimes they may recognise short linear determinants. 

Despite significant advances towards understanding how T and linear B cell 
epitopes are processed and presented to the immune system, the full potential of epitope- 
based vaccines has not been fully exploited. The main reason for this is the large number 

20 of different T cell epitopes, which have to be included into such vaccines to cover the 
extreme HLA polymorphism in the human population. The human HLA diversity is one of 
the main reasons why whole pathogen vaccines frequently provide better population 
coverage than subunit or peptide-based vaccine strategies. There is a range of epitope- 
based strategies though which have tried to solve this problem, e.g. 9 peptide blends, peptide 

25 conjugates and polyepitope vaccines (ie comprising strings of multiple epitopes) (Dyall et 
aL, 1995; Thomson et aL, 1996; Thomson et aL y 1998; Thomson et aL 3 1998). These 
approaches however will always be sub optimal not only because of the slow pace of 
epitope characterisation but also, because it is virtually impossible for them to cover every 
existing HLA polymorphism in the population. A number of strategies have sought to 

30 avoid both problems by not identifying epitopes and instead incorporating larger amounts 
of sequence information e.g., approaches using whole genes or proteins and approaches 
that mix multiple protein or gene sequences together. The proteins used by these strategies 
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however sometimes still function and therefore can compromise vaccine safety e.g., whole 
cancer proteins. Alternative strategies have tried to improve the safety of vaccines by 
fragmenting the genes and expressing them either separately or as complex mixtures e.g.> 
library DNA immunisation or by ligating such fragments back together. These approaches 
5 are still sub-optimal because they are too complex, generate poor levels of immunity, 
cannot guarantee that all proteins no longer function and/or that all fragments are present, 
which compromises substantially complete immunological coverage. 

The lack of a safe and efficient vaccine strategy that can provide substantially 
complete immunological coverage is an important problem, especially when trying to 

10 develop vaccines against rapidly mutating and persistent viruses such as HIV and hepatitis 
C virus, because partial population coverage could allow vaccine-resistant pathogens to re- 
emerge in the future. Human immunodeficiency virus (HIV) is an RNA lentivirus virus 
approximately 9 kb in length, which infects CD4 + T cells, causing T cell decline and AIDS 
typically 3-8 years after infection. It is currently the most serious human viral infection, 

15 evidenced by the number of people currently infected with HIV or who have died from 
AIDS, estimated by the World Health Organisation (WHO) and UNAIDS in their AIDS 
epidemic update (December 1999) to be 33.6 and 16.3 million people, respectively. The 
spread of HIV is also now increasing fastest in areas of the world where over half of the 
human population reside, hence an effective vaccine is desperately needed to curb the 

20 spread of this epidemic. Despite the urgency, an effective vaccine for HTV is still some 
way off because of delays in defining the correlates of immune protection, lack of a 
suitable animal model, existence of up to 8 different subtypes of HIV and a high HIV 
mutation rate. 

A significant amount of research has been carried out to try and develop a vaccine 
25 capable of generating neutralising antibody responses that can protect against field isolates 
of HIV. Despite these efforts, it is now clear that the variability, instability and 
inaccessibility of critical determinants on the HTV envelope protein will make it extremely 
difficult and perhaps impossible to develop such a vaccine (Kwong et al. 9 1998). The 
limited ability of antibodies to block HTV infection is also supported by the observation 
30 that development of AIDS correlates primarily with a reduction in CTL responsiveness to 
HIV and not to altered antibody levels (Ogg et al. 9 1998). Hence CTL«mediated and not 
antibody-mediated responses appear to be critical for maintaining the asymptomatic state 
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in vivo. There is also some evidence to suggest that pre-existing HIV-specific CTL 
responses can block the establishment of a latent HIV infection. This evidence comes from 
a number of cases where individuals have generated HIV-specific CTL responses without 
becoming infected and appear to be protected from establishing latent HIV infections 
5 despite repeated virus exposure (Rowland- Jones et al y 1995; Parmiani 1998). Taken 
together, these observations suggest that a vaccine capable of generating a broad range of 
strong CTL responses may be able to stop individuals from becoming latently infected 
with HTV or at least allow infected individuals to remain asymptomatic for life. Virtually 
all of the candidate HIV vaccines developed to date have been derived from subtype B 

10 HIV proteins (western world subtype) whereas the majority of the HIV infections 
worldwide are caused by subtypes A/E or C (E and A are similar except in the envelop 
protein)(referred to as developing world subtypes). Hence existing candidate vaccines may 
not be suitable for the more common HIV subtypes. Recently, there has been some 
evidence that B subtype vaccines may be partially effective against other common HIV 

15 subtypes (Rowland- Jones et al y 1998). Accordingly, the desirability of a vaccine still 
remains, whose effectiveness is substantially complete against all isolates of all strains of 
HIV. 
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SUMMARY OF THE INVENTION 

The present invention is predicated in part on a novel strategy for enhancing the 
efficacy of an immunopotentiating composition. This strategy involves utilising the 
sequence information of a parent polypeptide to produce a synthetic polypeptide that 
5 comprises a plurality of different segments of the parent polypeptide, which are linked 
sequentially together in a different arrangement relative to that of the parent polypeptide. 
As a result of this change in relationship, the sequence of the linked segments in the 
synthetic polypeptide is different to a sequence contained within the parent polypeptide. As 
more fully described hereinafter, the present strategy is used advantageously to cause 
10 significant disruption to the structure and/or function of the parent polypeptide while 
minimising the destruction of potentially useful epitopes encoded by the parent 
polypeptide. 

Thus, in one aspect of the present invention, there is provided a synthetic 
polypeptide comprising a plurality of different segments of at least one parent polypeptide, 
IS wherein the segments are linked together in a different relationship relative to their linkage 
in the at least one parent polypeptide. 

In one embodiment, the synthetic polypeptide consists essentially of different 
segments of a single parent polypeptide. 

In an alternate embodiment, the synthetic polypeptide consists essentially of 
20 different segments of a plurality of different parent polypeptides. 

Suitably, said segments in said synthetic polypeptide are linked sequentially in a 
different order or arrangement relative to that of corresponding segments in said at least 
one parent polypeptide. 

Preferably, at least one of said segments comprises partial sequence identity or 
25 homology to one or more other said segments. The sequence identity or homology is 
preferably contained at one or both ends of said at least one segment. 

In another aspect, the invention resides in a synthetic polynucleotide encoding the 
synthetic polypeptide as broadly described above. 
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According to yet another aspect, the invention contemplates a synthetic construct 
comprising a said polynucleotide as broadly described above that is operably linked to a 
regulatory polynucleotide. 

In a further aspect of the invention, there is provided a method for producing a 
5 synthetic polynucleotide as broadly described above, comprising: 

- linking together in the same reading frame a plurality of nucleic acid sequences 
encoding different segments of at least one parent polypeptide to form a synthetic 
polynucleotide whose sequence encodes said segments linked together in a different 
relationship relative to their linkage in the at least one parent polypeptide. 

10 Preferably, the method further comprises fragmenting the sequence of a respective 

parent polypeptide into fragments and linking said fragments together in a different 
relationship relative to their linkage in said parent polypeptide sequence. In a preferred 
embodiment of this type, the fragments are randomly linked together. 

Suitably, the method further comprises reverse translating the sequence of a 
15 respective parent polypeptide or a segment thereof to provide a nucleic acid sequence 
encoding said parent polypeptide or said segment. In a preferred embodiment of this type, 
an amino acid of said parent polypeptide sequence is reverse translated to provide a codon, 
which has higher translational efficiency than other synonymous codons in a cell of 
interest. Suitably, an amino acid of said parent polypeptide sequence is reverse translated 
20 to provide a codon which, in the context of adjacent or local sequence elements, has a 
lower propensity of forming an undesirable sequence (e.g. 9 a palindromic sequence or a 
duplicated sequence) that is refractory to the execution of a task (e.#, cloning or 
sequencing). 

In another aspect, the invention encompasses a computer program product for 
25 designing the sequence of a synthetic polypeptide as broadly described above, comprising: 

— code that receives as input the sequence of at least one parent polypeptide; 

- code that fragments the sequence of a respective parent polypeptide into 
fragments; 
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- code that links together said fragments in a different relationship relative to their 
linkage in said parent polypeptide sequence; and 

- a computer readable medium that stores the codes. 

In yet another aspect, the invention provides a computer program product for 
5 designing the sequence of a synthetic polynucleotide as broadly described above, 
comprising: 

- code that receives as input the sequence of at least one parent polypeptide; 

- code that fragments the sequence of a respective parent polypeptide into 
fragments; 

10 - code that reverse translates the sequence of a respective fragment to provide a 

nucleic acid sequence encoding said fragment; 

- code that links together in the same reading frame each said nucleic acid 
sequence to provide a polynucleotide sequence that codes for a polypeptide sequence in 
which said fragments are linked together in a different relationship relative to their 

15 linkage in the at least one parent polypeptide sequence; and 

- a computer readable medium that stores the codes. 

In still yet another aspect, the invention provides a computer for designing the 
sequence of a synthetic polypeptide as broadly described above, wherein said computer 
comprises: 

20 (a) a machine-readable data storage medium comprising a data storage material 

encoded with machine-readable data, wherein said machine-readable data comprise the 
sequence of at least one parent polypeptide; 

(b) a working memory for storing instructions for processing said machine-readable 
data; 

25 (c) a central-processing unit coupled to said working memory and to said machine- 

readable data storage medium, for processing said machine readable data to provide said 
synthetic polypeptide sequence; and 

(d) an output hardware coupled to said central processing unit, for receiving said 
synthetic polypeptide sequence. 
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In a preferred embodiment, the processing of said machine readable data 
comprises fragmenting the sequence of a respective parent polypeptide into fragments and 
linking together said fragments in a different relationship relative to their linkage in the 
sequence of said parent polypeptide. 

5 In still yet another aspect, the invention resides in a computer for designing the 

sequence of a synthetic polynucleotide as broadly described above, wherein said computer 
comprises: 

(a) a machine-readable data storage medium comprising a data storage material 
encoded with machine-readable data, wherein said machine-readable data comprise the 

1 0 sequence of at least one parent polypeptide; 

(b) a working memory for storing instructions for processing said machine-readable 
data; 

(c) a central-processing unit coupled to said working memory and to said machine- 
readable data storage medium, for processing said machine readable data to provide said 

IS synthetic polynucleotide sequence; and 

(d) an output hardware coupled to said central processing unit, for receiving said 
synthetic polynucleotide sequence. 

In a preferred embodiment, the processing of said machine readable data 
comprises fragmenting the sequence of a respective parent polypeptide into fragments, 
20 reverse translating the sequence of a respective fragment to provide a nucleic acid 
sequence encoding said fragment and linking together in the same reading frame each said 
nucleic acid sequence to provide a polynucleotide sequence that codes for a polypeptide 
sequence in which said fragments are linked together in a different relationship relative to 
their linkage in the at least one parent polypeptide sequence. 

25 According to another aspect, the invention contemplates a composition, 

comprising an immunopotentiating agent selected from the group consisting of a synthetic 
polypeptide as broadly described above, a synthetic polynucleotide as broadly described 
above and a synthetic construct as broadly described above, together with a 
pharmaceutical^ acceptable carrier. 
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The composition may optionally comprise an adjuvant. 

In a further aspect, the invention encompasses a method for modulating an 
immune response, which response is preferably directed against a pathogen or a cancer, 
comprising administering to a patient in need of such treatment an effective amount of an 
5 immunopotentiating agent selected from the group consisting of a synthetic polypeptide as 
broadly described above, a synthetic polynucleotide as broadly described above and a 
synthetic construct as broadly described above, or a composition as broadly described 
above. 

According to still a further aspect of the invention, there is provided a method for 
10 treatment and/or prophylaxis of a disease or condition, comprising administering to a 
patient in need of such treatment an effective amount of an immunopotentiating agent 
selected from the group consisting of a synthetic polypeptide as broadly described above, a 
synthetic polynucleotide as broadly described above and a synthetic construct as broadly 
described above, or a composition as broadly described above. 

15 The invention also encompasses the use of the synthetic polypeptide, the synthetic 

polynucleotide and the synthetic construct as broadly described above in the study, and 
modulation of immune responses. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagrammatic representation showing the number of people living 
with AIDS in 1998 in various parts of the world and most prevalent HIV clades in these 
regions. Estimates generated by UN AIDS. 

5 Figure 2 is a graphical representation showing trends in the incidence of the 

common HIV clades and estimates for the future. Graph from the International Aids 
Vaccine Initiative (IAVI). 

Figure 3 is a diagrammatic representation showing overlapping segments of a 
parent polypeptide sequence for HIV gag [SEQ ID NO: 1] used for the construction of an 
10 embodiment of an HIV Savine. Also shown are the alignments of common HIV clade 
consensus sequences for the HIV gag protein from the HIV Molecular Immunology 
Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 
Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR 98-485. 

15 Figure 4 is a diagrammatic representation showing overlapping segments of a 

parent polypeptide sequence for HIV pol [SEQ ID NO: 2] used for the construction of an 
embodiment of an HIV Savine. Also shown are the alignments of common HIV clade 
consensus sequences for the HIV pol protein from the HIV Molecular Immunology 
Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 

20 Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR98-485. 

Figure 5 is a diagrammatic representation showing overlapping segments of a 
parent polypeptide sequence for HIV vif [SEQ ID NO: 3] used for the construction of an 
embodiment of an HIV Savine. Also shown are the alignments of common HIV clade 
25 consensus sequences for the HIV vif protein from the HIV Molecular Immunology 
Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 
Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR98-485. 
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Figure 6 is a diagrammatic representation showing overlapping segments of a 
parent polypeptide sequence for HIV vpr [SEQ ID NO: 4] used for the construction of an 
embodiment of an HIV Savine. Also shown are the alignments of common HIV clade 
consensus sequences for the HIV vpr protein from the HIV Molecular Immunology 
5 Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 
Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR 98-485. 

Figure 7 is a diagrammatic representation showing overlapping segments of a 
parent polypeptide sequence for HIV tat [SEQ ID NO: 5] used for the construction of an 
10 embodiment of an HIV Savine. Also shown are the alignments of common HIV clade 
consensus sequences for the HTV tat protein from the HTV Molecular Immunology 
Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 
Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR 98-485. 

15 Figure 8 is a diagrammatic representation showing overlapping segments of a 

parent polypeptide sequence for HIV rev [SEQ ID NO: 6] used for the construction of an 
embodiment of an HTV Savine. Also shown are the alignments of common HTV clade 
consensus sequences for the HIV rev protein from the HIV Molecular Immunology 
Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 

20 Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR 98-485. 

Figure 9 is a diagrammatic representation showing overlapping segments of a 
parent polypeptide sequence for HIV vpu [SEQ ID NO: 7] used for the construction of an 
embodiment of an HTV Savine. Also shown are the alignments of common HTV clade 
25 consensus sequences for the HTV vpu protein from the HTV Molecular Immunology 
Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 
Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR 98-485. 

Figure 10 is a diagrammatic representation showing overlapping segments of a 
30 parent polypeptide sequence for HIV env [SEQ ID NO: 8] used for the construction of an 
embodiment of an HIV Savine. Also shown are the alignments of common HIV clade 
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consensus sequences for the HIV env protein from the HIV Molecular Immunology 
Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 
Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR 98-485. 

5 Figure 1 1 is a diagrammatic representation showing overlapping segments of a 

parent polypeptide sequence for HIV nef [SEQ ID NO: 9] used for the construction of an 
embodiment of an HIV Savine. Also shown are the alignments of common HIV clade 
consensus sequences for the HIV nef protein from the HIV Molecular Immunology 
Database 1997, Editors Bette Korber, John Moore, Cristian Brander, Richard Koup, Barton 
10 Haynes and Bruce Walker. Publisher, Los Alamos National Laboratory, Theoretical 
Biology and Biophysics, Los Alamos, New Mexico, Pub LAUR 98-485. 

Figure 12 is a diagrammatic representation depicting the systematic segmentation 
of the designed degenerate consensus sequences for each HIV protein and the reverse 
translation of each segment into a DNA sequence. Also shown is the number of segments 

15 used during random rearrangement and amino acids that were removed. Amino acids 
surrounded by an open square were removed from the design, because degenerate codons 
to cater for the desired amino acid combination required too many degenerate bases to 
comply with the incorporation of degenerate sequence rules outlined in the description of 
the invention herein. Amino acids surrounded by an open circle were removed only in the 

20 segment concerned mainly because they were coded for in an oligonucleotide overlap 
region. Amino acids marked with an asterisk were designed differently in one fragment 
compared to the corresponding overlap region (see tat gene) 

Figure 13 is a diagrammatic representation showing the first and second most 
frequently used codons in mammals used to reverse translate HTV protein segments. Also 
25 shown are all first and second most frequently used degenerate codons for two amino acids 
where only one base is varied. Codons used where more than one base was varied were 
worked out in each case by comparing all the codons for each amino acid. The IUPAC 
codes for degenerate bases are also shown. 

Figure 14 illustrates the construction plan for the HIV Savine showing the 
30 approximate sizes of the subcassettes, cassettes and frail-length Savine cDNA and the 
restriction sites involved in joining them together. Also shown are the extra sequences 
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added onto each subcassette during their design and a brief description of how the 
subcassettes, cassettes and full length cDNA were constructed and transferred into 
appropriate DNA plasmids. Description of full length construction: pA was cleaved with 
XhoVSaK and cloned into Xhol arms of the B cassette; pAB was cleaved with Xhol and 
5 cloned into Xhol arms of the C cassette; fall length construct is excisable with either 
XbaVBamHI at the 5* end or BgM at the 3' end. Options for excising cassettes: A) 
XbaVBamHI at the 5* end, BglWXhol at the 3' end; B) XbaVBamHI at the 5* end, 
BgHUSall at the 3' end; C) XbaVBamHI at the 5' end, BgOUSall at the 3' end. Cleaving 
plasmid vectors: pDNAVacc is cleavable with XbaVXhol (DNA vaccination); pBCB07 or 
10 pTK7.5 vectors are cleavable with BamHUSaK (Recombinant Vaccinia); pAvipox vector 
pAF09 is cleavable with BamWSall (Recombinant Avipox). 

Figure 15 shows the fall length DNA (17253 bp) and protein sequence (5742 aas) 
of the HIV Savine construct. Fragment boundaries are shown, together with the position of 
each fragment in each designed HIV protein, fragment number (in brackets), spacer 

15 residues (two alanine residues) and which fragment the spacer was for (open boxes and 
arrows). The location of residual restriction site joining sequences corresponding to 
subcassette or cassette boundaries (shaded boxes) are also shown, along with start and stop 
codons, Kozak sequence, the location of the murine influenza vims CTL epitope sequence 
(near the 3' end), important restriction sites at each end and the position of each degenerate 

20 amino acid (indicated by 'X 1 ). 

Figure 16 depicts the layout and position of oligonucleotides in the designed DNA 
sequence for subcassette Al. The sequences which anneal to the short amplification 
oligonucleotides are indicated by hatched boxes and the position of oligonucleotide 
overlap regions are dark shaded. 

25 Figure 17: Panel (a) depicts the stepwise asymmetric PCR of the two halves of 

subcassette Al (lanes 2-5 and 7-9, respectively) and final splicing together by SOEing 
(lane 10). DNA standards in lane 1 are pUC18 digested with &n*3AI. Panel (b) shows the 
stepwise ligation-mediated joining and PCR amplification of each cassette as indicated. 
DNA standards in lane 1 are SPP1 cut with EcoRI. 

30 Figure 18: Panel (a) shows summary of the construction of the DNA vaccine 

plasmids that express one HIV Savine cassette. Panel (b) shows a summary of the 
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construction of the plasmids used for marker rescue recombination to generate Vaccinia 
viruses expressing one HIV Savine cassette. Panel (c) shows a summary of the 
construction of the DNA vaccine plasmids which each express a version of the full-length 
HIV Savine cDNA 

5 Figure 19 shows restimulation of HIV specific polyclonal CTL responses from 

three HIV-infected patients by the HIV Savine constructs. PBMCs from three different 
patients were restimulated for 7 days by infection with Vaccinia virus pools expressing the 
HIV Savine cassettes: Pool 1 included W-AC1 and W-BC1; Pool 2 included W-AC2, 
W-BC2 andW-CC2. The restimulated PBMCs were then mixed with autologous LCLs 
10 (effector to target ratio of 50:1), which were either uninfected or infected with either 
Vaccinia viruses expressing the HIV proteins gag (W-gag), env (W-env) or pol (W- 
pol), W- HIV Savine pools 1 (light bars) or 2 (dark bars) or a control Vaccinia virus (W- 
Lac) and the amount of 51 Cr released used to determine percent specific lysis. K562 cells 
were used to determine the level of NK cell-mediated killing in their stimulated culture. 

15 Figure 20 is a diagrammatic representation showing CD4+ proliferation of 

PBMCs from HTV-1 infected patients restimulated with either Pooll or Pool2 of the HTV-1 
Savine. Briefly PBMCs were stained with CFSE and culture for 6 days with or without 
Ws encoding either pooll or pool2 of the HTV-1 Savine. Restimulated Cells were then 
labelled with antibodies and analysed by FACS. 

20 Figure 21 is a graphical representation showing the CTL response in mice 

vaccinated with the HIV Savine. C57BL6 mice were immunised with the PflV-1 Savine 
DNA vaccine comprising the six plasmids described in Figure 18a (100 fig total DNA was 
given as 50 fig/leg i.m.). One week later Poxviruses (lxl 0 7 pfu) comprising Pool 1 of the 
HTV-1 Savine were used to boost the immune responses. Three weeks later splenocytes 

25 from these mice were restimulated with W-Pool 1 or W-Pool 2 for 5 days and the 
resultant effectors used in a 5l Cr release cytotoxicity assay against targets infected with 
CTRW, W-pools or W expressing the natural antigens from HTV-1. 

Figure 22 shows immune responses of HIV Immune Macaques (vaccinated with 
recombinant FPV expressing gag-pol and challenged with HIV-1 2 years prior to 
30 experiment). Monkeys 1 and 2 were immunised once at day 0 with W Savine pool 1 
(Three Ws which together express the entire HTV Savine ). Monkey 3 was immunised 
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twice with FPV-gag-pol Le. 9 Day 0 is 3 weeks after first FPV-gag-pol immunisation. A) 
IFN-y detection by ELISPOT of whole blood (0.5 mL, venous blood heparin- 
anticoagulated) stimulated with Aldrithiol-2 inactivated whole HIV-1 (20 hours, 20 
fig/mL). Plasma samples were then centrifuged (lOOOxg) and assayed in duplicate for 
5 antigen-specific IFN using capture ELK A. B) Flow cytometric detection of HIV-1 specific 
CD69+/CD8+ T cells. Freshly isolated PBMCs were stimulated with inactivated HIV-1 as 
above for 16 hours, washed and labelled with the antibodies. Cells were then analysed 
using a FACScalibur™ flow cytometer and data, analysed using Cell-Quest software. C) 
Flow cytometric detection of HIV-1 specific CD69+/CD4+ T cells carried out as in B). 

10 Figure 23 shows a diagram of a system used to carry out the instructions encoded 

by the storage medium of Figures 28 and 29. 

Figure 24 depicts a flow diagram showing an embodiment of a method for 
designing synthetic polynucleotide and synthetic polypeptides of the invention. 

Figure 25 shows an algorithm, which inter alia utilises the steps of the method 
1 5 shown in Figure 24. 

Figure 26 shows an example of applying the algorithm of Figure 25 to an input 
consensus polyprotein sequence of Hepatitis C la to execute the segmentation of the 
polyprotein sequence, the rearrangement of the segments, the linkage of the rearranged 
segments and the outputting of synthetic polynucleotide and polypeptide sequences for the 
20 preparation of Savines for treating and/or preventing Hepatitis C infection. 

Figure 27 illustrates an example of applying the algorithm of Figure 25 to input 
consensus melanocyte differentiation antigens (gplOO, MART, TRP-1, Tyros, Trp-2, 
MC1R, MUC1F and MUC1R) and to consensus melanoma specific antigens (BAGE, 
GAGE-1, gpl00In4, MAGE-1, MAGE-3, PRAME, TRP2IN2, NYNSOla, NYNSOlb and 
25 LAGE1) to facilitate segmentation of those sequences, to rearrange the segments, to link 
the rearranged segments and to synthetic polynucleotide and polypeptide sequences for the 
preparation of Savines for treating and/or preventing melanoma. 

Figure 28 shows a cross section of a magnetic storage medium. 

Figure 29 shows a cross section of an optically readable data storage medium. 
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Figure 30 shows six HIV Savine cassette sequences (Al [SEQ ID NO: 393], A2 
[SEQ ID NO: 399], B1[SEQ ID NO: 395], B2 [SEQ ID NO: 401], CI [SEQ ID NO: 397] 
and C2 [SEQ ID NO: 403]). Al, Bl and CI can be joined together using, for example, 
convenient restriction enzyme sites provided at the ends of each cassette to construct an 
5 embodiment of a foil length HIV Savine [SEQ ID NO: 405]. A2, B2 and C2 can also be 
joined together to provide another embodiment of a foil length HIV Savine with 350 aa 
mutations common in major HTV clades. The cassettes A/B/C can be joined into single 
constructs using specific restriction enzyme sites incorporated after the start codon or 
before the stop codon in the cassettes 
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BRIEF DESCRIPTION OF THE SEQUENCES: SUMMARY TABLE 
TABLE A 



t 


f 

1! 




CCA TTv XTfV 1 

2>liQ ID JNU. 1 


GAG consensus polypeptide 


<+yy aa 


nrA TTV \TA. O 

SEQ ID NO: 2 


POL consensus polypeptide 


995 aa 


SEQ ID NO: 3 


VEF consensus polypeptide 


192 aa 


SEQ ID NO: 4 


VPR consensus polypeptide 


96 aa 


SEQ ID NO: 5 


IAI consensus polypeptide 


1 AO « rt 

luz aa 


OT?/""\ TTV \TA. /T 

SEQ ID NO: 6 


REV consensus polypeptide 


123 aa 


OT?A XT\ MA. *7 

SEQ ID NO: 7 


VPU consensus polypeptide 


ol aa 


OCA TTT\ XTA. O 

SbQ ID NO: 8 


ENV consensus polypeptide 


oMaa 


oca tt\ Xl/V Q 
oJiy LL) JNU. 


JNrir consensus poiypepnae 


O A/C 00 

zuo aa 


QT? A TT\ XT A. 1 A 


vjALt segment i 


OA r>fn 

yu nis 


oca TF> WO- 1 1 


a oiypepoue cncoocu uy o-cv^ jul/ inu. iu 


^O an 




vj/vvj bcgmcni. z 


00 ntc 


StFO ID NO- 1 3 


Pnlvnpntfdf* pnnnded hv SFO TD NO" 1 ? 

A LF1 V Ut/L/ULVit- WllvUilvU \3j Ui-/\^ AAV AZ. 


30 aa 


SEO ID NO' 14 


GAG segment 3 


90nts ! 


SEQ ID NO: 15 


Polypeptide encoded by SEQ ID NO: 14 


30 aa 


SEQ ID NO: 16 


GAG segment 4 


90nts 


SEQ ID NO: 17 


Polypeptide encoded by SEQ ID NO: 16 


30 aa 


SEQ ID NO: 18 


GAG segment 5 


90nts 


SEQ ID NO: 19 


Polypeptide encoded by SEQ ID NO: 18 


30 aa 


SEQ ID NO: 20 


GAG segment 6 


90nts 


SEQ ID NO: 21 


Polypeptide encoded by SEQ ID NO: 20 


30 aa 


SEQ ID NO: 22 


GAG segment 7 


90 nts 
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■■B 


CUH TTX VTA. 11 

dJbQ ID WU: 23 


Polypeptide encoded by bJSQ ID NO: 22 


30 aa 


SEQ ID NO: 24 


GAG segment 8 


90nts 


SEQ ID NO: 25 


T-fc t . * » 1 J 1 1 r»T?A\ TT\ \TA 4 

Polypeptide encoded by SEQ ID NO: 24 


30 aa 


SEQ ID NO: 26 


GAG segment 9 


90nts 


SEQ ID NO: 27 


Polypeptide encoded by SEQ ID NO: 26 


30 aa 


SEQ ID NO: 28 


GAG segment 10 


90nts 


SEQ ID NO: 29 


Polypeptide encoded by SEQ ID NO: 28 


30 aa 


SEQ ID NO: 30 


GAG segment 11 


90nts 


SEQ ID NO: 31 


Polypeptide encoded by SEQ ID NO: 30 


30 aa 


SEQ ID NO: 32 


GAG segment 12 


90nts 


SEQ ID NO: 33 


Polypeptide encoded by SEQ ID NO: 32 


30 aa 


SEQ ID NO: 34 


GAG segment 13 


90nts 


SEQ ID NO: 35 


Polypeptide encoded by SEQ ID NO: 34 


30 aa 


SEQ ID NO: 36 


GAG segment 14 


90nts 


iSbQ ID NO: 37 


Polypeptide encoded by SEQ ID NO: 36 


30 aa 


otiQ 11/ NU; 3o 


OACr segment Id 


90nts 


OT?f"\ TTA XT/"*. QQ 

MiQ ID NO: D7 


Polypeptide encoded by oisQ 1L> NO: 38 


30 aa 




GAG segment 16 


90nts 




i oiypcpuue enccxieu oy oni^ mj inu. *fu 


30 aa 


SEQ ID NO: 42 


GAG segment 17 


90nts 


SEQ ID NO: 43 


Polypeptide encoded by SEQ ID NO: 42 


30 aa 


SEQ ID NO: 44 


GAG segment 18 


90nts 


SEQ ID NO: 45 


Polypeptide encoded by SEQ ID NO: 44 


30 aa 


SEQ ID NO: 46 


GAG segment 19 


90nts 
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x oiypepuue encoaeo oy otiv<{ U-J jnu. 40 


*5A no 


CT7A TTI MO- Aft 


uAu segment zu 


yu nts 


CCA TT\ XTA- AC\ 

SEQ ID WU. 45J 


Polypeptide encoded by SEQ ID NO: 48 


30 aa 


ot?r\ tt\ XTA. <a 


vjAo segment 21 


90 nts 


SEQIDNO: 51 


Polypeptide encoded by SEQ ID NO: 50 


O A 

30 aa 


SEQ ID NO: 52 


GAG segment 22 


90 nts 


SEQ ID NO: 53 


Polypeptide encoded by SEQ ID NO: 52 


30 aa 


Ctr?/"\ TT\ VTA . C A 

SEQ ID NO: 54 


GAG segment 23 


90 nts 


PT?A TT\ \TA. f C 

SEQ ID NO: 55 


Polypeptide encoded by SEQ ID NO: 54 


30 aa 


OT7A TT"\ VTA. C^T 

SEQ ID NO: 56 


GAG segment 24 


e\t\ a. 

90 nts 


SEQ ID NO: 57 


Polypeptide encoded by SEQ ID NO: 56 


OA 

30 aa 


SEQ ID NO: 58 


GAG segment 25 


OA 

90 nts 


SEQ ID NO: 59 


Polypeptide encoded by SEQ ID NO: 58 


*>A _ 

30 aa 


OTJA TTl XTA. /CA 

oJbQ ID NU: 6U 


GAG segment zo 


90 nts 


oca rr\ xta. Al 
or\l ID riKJ. Oi 


roiypepuoe encoaea oy or\i id inu. ou 


3U aa 


QT?n rn xta- 


Lr Au segment z / 


AA m4« 

y\) nts 


oEy 1U JNU. Oj 


"D/^1i»%£kr\H^o ftttA/wla^ U,, CPA TA XTA* /CO 

JrOij^pepnoe encoaeo oy onv^ ili invj. oz 


3U aa 


cpn m MO- fid. 
Ody 11-/ lNU. OH 


vj/\vj segment zo 


OH nto 

nts 


CTJA TA XTA. £C 
oJC\^ JUL/ INw. 03 


r^oiypeptiae encoaea oy ocy wj jnu. o*f 


aa 


SEQIDNO: 66 


GAG segment 29 


90 nts 


SEQIDNO: 67 


Polypeptide encoded by SEQ ID NO: 66 


30 aa 


SEQ ID NO: 68 


GAG segment 30 


90 nts 


SEQ ID NO: 69 


Polypeptide encoded by SEQ ID NO: 68 


30 aa 


SEQ ID NO: 70 


GAG segment 31 


90 nts 
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SEQ ID NO: 71 


Polypeptide encoded by SEQ ID NO: 70 


30 aa 


SEQ ID NO: 72 


GAG segment 32 


90nts 


SEQ ID NO: 73 


Polypeptide encoded by SEQ ID NO: 72 


30 aa 


SEQ ID NO: 74 


GAG segment 33 


57nts 


SEQ ID NO: 75 


Polypeptide encoded by SEQ ID NO: 74 


19 aa 


SEQ ID NO: 76 


POL segment 1 


90nts 


SEQ ID NO: 77 


Polypeptide encoded by SEQ ID NO: 76 


30 aa 


SEQ ID NO: 78 


POL segment 2 


90nts 


SEQ ID NO: 79 


Polypeptide encoded by SEQ ID NO: 78 


30 aa 


SEQIDNO: 80 


POL segment 3 


90nts 


SEQ ID NO: 81 


Polypeptide encoded by SEQ ID NO: 80 


30 aa 


SEQ ID NO: 82 


POL segment 4 


90nts 


SEQ ID NO: 83 


Polypeptide encoded by SEQ ID NO: 82 


30 aa 


SEQ ID NO: 84 


POL segment 5 


90nts 


SEQ ID NO: 85 


Polypeptide encoded by SEQ ID NO: 84 


30 aa 


SEQ ID NO: oo 


POL segment 6 


90nts 


SEQ ID NO: 87 


Polypeptide encoded by SEQ ID NO: 86 


30 aa 


OCA TT\ XTW OO 

SEQ ID NU: oo 


I ~%fW _ _ - - A, T 

rUJL segment 7 


90nts 


ctja rp| vrrv. on 


roiypepnae encoded oy oe\i ID NU: oo 


JU aa 


SEQ JD NO: 90 


POL segment 8 


90nts 


SEQ ID NO: 91 


Polypeptide encoded by SEQ ID NO: 90 


30 aa 


SEQIDNO: 92 


POL segment 9 


90nts 


SEQ ID NO: 93 


Polypeptide encoded by SEQ ID NO: 92 


30 aa 


SEQIDNO: 94 


POL segment 10 


90nts 
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1 52p;^Cf®' 




ij 

!; 1 
i' 1 


briQ ID NU. 95 


Polypeptide encoded by SEQ ID NO: 94 


30 aa 


SEQ ID NO: 96 


POL segment 11 


90nts 


SEQ ID NO: 97 


Polypeptide encoded by SEQ ID NO: 96 


30 aa 


SEQ ID NO: 98 


POL segment 12 


90nts 


SEQ ID NO: 99 


Polypeptide encoded by SEQ ID NO: 98 


30 aa 


SEQ ID NO: 100 


POL segment 13 


90nts 


SEQ ID NO: 101 


Polypeptide encoded by SEQ ID NO: 100 


30 aa 


SEQ ID NO: 102 


POL segment 14 


90nts 


SEQ ID NO: 103 


Polypeptide encoded by SEQ ID NO: 102 


30 aa 


SEQ ID NO: 104 


POL segment 15 


90nts 


SEQ ID NO: 105 


Polypeptide encoded by SEQ ID NO: 104 


30 aa 


SEQ ID NO: 106 


POL segment 16 


90 nts 


SEQ ID NO: 107 


Polypeptide encoded by SEQ ID NO: 106 


30 aa 


SEQ ID NO: 108 


POL segment 17 


90 nts 


pTj/v tt-v XT/"V. 1 AO 

SEQ ID NO: 109 


Polypeptide encoded by SEQ ID NO: 108 


30 aa 


cd/% rrv xt/%. 1 1 a 

bcQ ID NU: 110 


POL segment 18 


90 nts 


Ccn rr\ xt/v i i i 
Miy \x> JNU. ill 


Polypeptide encoded by SEQ ID NO: 110 


30 aa 


oJlV£ ID iHSJ. 1 1Z 


TJ/VT o £» rm-i on * 1 O 

rwi-. segment iy 


90 nts 


SEO ID NO- 1 1 1 


iuiypepuue cui/uucu uy onv^ ju-j XNvy. 1 iz 


jU aa 


SEQ ID NO: 114 


POL segment 20 


90 nts 


SEQ ID NO: 115 


Polypeptide encoded by SEQ ID NO: 1 14 


30 aa 


SEQ ID NO: 116 


POL segment 21 


90 nts 


SEQ ID NO: 117 


Polypeptide encoded by SEQ ID NO: 116 


30 aa 


SEQ ID NO: 118 


POL segment 22 


90 nts 
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1 

|: mMBmt 


L 


;i ! 
j! " ~ " ~ 


OT}A TT\ VTA. i 1A 

SEQIDNO: 119 


Polypeptide encoded by SEQ ID NO: 118 


30 aa 


SEQ ID NO: 120 


POL segment 23 


90 nts 


SEQ ID NO: 121 


PolypepUde encoded by SEQ ID NO: 120 


30 aa 


SEQ ID NO: 122 


POL segment 24 


90 nts 


SEQ ID NO: 123 


Polypeptide encoded by SEQ ID NO: 122 


30 aa 


SEQIDNO: 124 


POL segment 25 


90 nts 


SEQIDNO: 125 


Polypeptide encoded by SEQ ID NO: 124 


30 aa 


SEQIDNO: 126 


POL segment 26 


90 nts 


SEQIDNO: 127 


Polypeptide encoded by SEQ ID NO: 126 


30 aa 


SEQIDNO: 128 


POL segment 27 


90 nts 


SEQ ID NO: 129 


Polypeptide encoded by SEQ ID NO: 128 


30 aa 


SEQ ID NO: 130 j 


POL segment 28 


90 nts 


SEQIDNO: 131 


Polypeptide encoded by SEQ ID NO: 130 


30 aa 


SEQ ID NO: 132 


POL segment 29 


90 nts 


SEQ ID NO: 133 


Polypeptide encoded by SEQ ID NO: 132 


30 aa 


SEQIDNO: 134 


POL segment 30 


A A a. 

90 nts 


SEQIDNO: 135 


Tfc 1 j • * _ J J -1 OT"»^X TI'V VTA 1 1 i 

Polypeptide encoded by SEQ ID NO: 134 


1 A ^ 

30 aa 


SEQIDNO: 136 


POL segment 31 


90 nts 


CCA rr\ vrfv 1 IT 


roiypepode encoded oy bey ili JNU. l Jo 


JU aa 


SEQIDNO: 138 


POL segment 32 


90 nts 


SEQIDNO: 139 


Polypeptide encoded by SEQ ID NO: 138 


30 aa 


SEQIDNO: 140 


POL segment 33 


90 nts 


SEQIDNO: 141 


Polypeptide encoded by SEQ ID NO: 140 


30 aa 


SEQIDNO: 142 


POL segment 34 


90 nts 
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1 suem>a& 


j. 

ii 


! 


SEQ ID NO: 143 


Polypeptide encoded by SEQ ID NO: 142 


30 aa 


SEQ ID NO: 144 


POL segment 35 


90nts 


SEQ ID NO: 145 


Polypeptide encoded by SEQ ID NO: 144 


30 aa 


SEQ ID NO: 146 


POL segment 36 


90nts 


SEQ ID NO: 147 


Polypeptide encoded by SEQ ID NO: 146 


30 aa 


SEQ ID NO: 148 


POL segment 37 


90 nts 


SEQ ID NO: 149 


Polypeptide encoded by SEQ ID NO: 148 


30 aa 


SEQ ID NO: 150 


POL segment 38 


90 nts 


SEQ ID NO: 151 


Polypeptide encoded by SEQ ID NO: 150 


30 aa 


SEQ ID NO: 152 


POL segment 39 


90 nts 


SEQ ID NO: 153 


Polypeptide encoded by SEQ ID NO: 152 


30 aa 


SEQ ID NO: 154 


POL segment 40 


90 nts 


SEQ ID NO: 155 


Polypeptide encoded by SEQ ID NO: 154 


30 aa 


SEQ ID NO: 156 


POL segment 41 


90 nts 


SEQ ID NO: 157 


Polypeptide encoded by SEQ ID NO: 156 


30 aa 


SEQ ID NO: 158 


POL segment 42 


90 nts 


SEQ ID NO: 159 


Polypeptide encoded by SEQ ID NO: 158 


30 aa 


SEQ ID NO: 160 


POL segment 43 


90 nts 


J>eQ ID NO: 161 


Polypeptide encoded by SEQ ID NO: 1 60 


30 aa 


SEQ ED NO: 162 


POL segment 44 


90 nts 


SEQ ID NO: 163 


Polypeptide encoded by SEQ ID NO: 162 


30 aa 


SEQ ID NO: 164 


POL segment 45 


90 nts 


SEQ ID NO: 165 


Polypeptide encoded by SEQ ID NO: 164 


30 aa 


SEQ ID NO: 166 


POL segment 46 


90 nts 
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SEQIDNO: 167 


Polypeptide encoded by SEQ ID NO: 166 


30 aa 


SEQIDNO: 168 


POL segment 47 


90nts 


SEQIDNO: 169 


Polypeptide encoded by SEQ ID NO: 168 


30 aa 


SEQIDNO: 170 


POL segment 48 


90nts 


SEQIDNO: 171 


Polypeptide encoded by SEQ ID NO: 170 


30 aa 


SEQIDNO: 172 


POL segment 49 


90nts 


SEQIDNO: 173 


Polypeptide encoded by SEQ ID NO: 172 


30 aa 


SEQIDNO: 174 


POL segment 50 


90nts 


SEQIDNO: 175 


Polypeptide encoded by SEQ ID NO: 174 


30 aa 


SEQIDNO: 176 


POL segment 51 


90nts 


SEQIDNO: 177 


Polypeptide encoded by SEQ ID NO: 1 76 


30 aa 


SEQIDNO: 178 


POL segment 52 


90nts 


SEQIDNO: 179 


Polypeptide encoded by SEQ ID NO: 178 


30 aa 


SEQIDNO: 180 


POL segment 53 


90nts 


SEQIDNO: 181 


Polypeptide encoded by SEQ ID NO: 180 


30 aa 


SEQIDNO: 182 


POL segment 54 


90nts 


SEQIDNO: 183 


Polypeptide encoded by SEQ ID NO: 182 


30 aa 


SEQIDNO: 184 


POL segment 55 


90nts 


SEQIDNO: 185 


Polypeptide encoded by SEQ ID NO: 184 


30 aa 


SEQ ID NO: 186 


POL segment 56 


90nts 


SEQIDNO: 187 


Polypeptide encoded by SEQ ID NO: 186 


30 aa 


SEQIDNO: 188 


POL segment 57 


90nts 


SEQIDNO: 189 


Polypeptide encoded by SEQ ID NO: 188 


30 aa 


SEQIDNO: 190 


POL segment 58 


90nts 
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1 l-lQiL'^il-A SS } 


i; 
i' 


I! 


SEQIDNO: 191 


Polypeptide encoded by SEQ ID NO: 190 


30 aa 


SEQID NO: 192 


POL segment 59 


90nts 


SEQ ID NO: 193 


Polypeptide encoded by SEQ ID NO: 192 


30 aa 


SEQ ID NO: 194 


POL segment 60 


90nts 


SEQ ID NO: 195 


Polypeptide encoded by SEQ ID NO: 194 


30 aa 


SEQ ID NO: 196 


POL segment 61 


90nts 


SEQ ID NO: 197 


Polypeptide encoded by SEQ ID NO: 196 


30 aa 


SEQ ID NO: 198 


POL segment 62 


90nts 


SEQIDNO: 199 


Polypeptide encoded by SEQ ID NO: 198 


30 aa 


SEQIDNO: 200 


POL segment 63 


90nts 


SEQ ID NO: 201 


Polypeptide encoded by SEQ ID NO: 200 


30 aa 


SEQ ID NO: 202 


POL segment 64 


90nts 


SEQ ID NO: 203 


Polypeptide encoded by SEQ ID NO: 202 


30 aa 


SEQIDNO: 204 


POL segment 65 J 


90nts 


SEQ ID NO: 205 


Polypeptide encoded by SEQ ID NO: 204 


30 aa 


SEQ ID NO: 206 


POL segment 66 


60nts 


SEQ ID NO: 207 


Polypeptide encoded by SEQ ID NO: 206 


20 aa ( 


JycQ ID NU: 208 


VIF segment 1 


90nts 




polypeptide encoded by iybv; ID NU. ZUo 


30 aa 


SEQ ID NO: 210 


VIF segment 2 


90nts 


SEQIDNO: 211 


Polypeptide encoded by SEQ ID NO: 210 


30 aa 


SEQ ID NO: 212 


VDF segment 3 


90nts 


SEQ ED NO: 213 


Polypeptide encoded by SEQ ID NO: 212 


30 aa | 


SEQ ID NO: 214 


VIF segment 4 


90nts 



WO 01/090197 



-26 



PCT/AU01/00622 





ccn rr\ xta. oic 
bcQ ID NU: 215 


T> n 1. — nil*? J i — 1 * fl__ _ rtTJA TT*V \TA. O t it 

Polypeptide encoded by SEQ ID NO: 214 


1A 

30 aa 


OT7/™\ TT*V XTA. O 1 iT 

SEQIDNO: 216 


VIF segment 5 


r\r\ a. 

90nts 


nyi/^ TT"V VTA. /> 1 ^ 

SEQIDNO: 217 


Polypeptide encoded by SEQ ID NO: 216 


30 aa 


SEQIDNO: 218 


VIF segment 6 


90nts 


SEQ ID NO: 219 


Polypeptide encoded by SEQ ID NO: 218 


30 aa 


SEQ ID NO: 220 


VIF segment 7 


90nts 


SEQ ID NO: 221 


Polypeptide encoded by SEQ ID NO: 220 


30 aa 


SEQ ID NO: 222 


VIF segment 8 


90nts 


SEQ ID NO: 223 


Polypeptide encoded by SEQ ID NO: 222 


30 aa 


SEQ ID NO: 224 


VIF segment 9 


90nts 


SEQ ID NO: 225 


Polypeptide encoded by SEQ ID NO: 224 


30 aa 


SEQ ID NO: 226 


VIF segment 10 


90 nts 


SEQ ID NO: 227 


Polypq)tide encoded by SEQ ID NO: 226 


30 aa 


SEQ ID NO: 228 


VIF segment 1 1 


90 nts 


SEQ ID NO: 229 


Polypeptide encoded by SEQ ID NO: 228 


30 aa 


CCA IT\ XTA. ion 

o-bQ ID NO: 230 


Vlr segment 12 


81 nts 


ISbQ ID NO: 231 


Polypeptide encoded by SEQ ID NO: 230 


27 aa 


qua rr\ xta- oil 
MiQ 1LJ JNU. 232 


vfk segment 1 


90 nts 


OJQ\^ ID 1NVJ. Zjj 


roiypepuae encoded oy or\i id xnw. 232 


iu aa 


SEQ ID NO: 234 


VPR segment 2 


90 nts 


SEQ ID NO: 235 


Polypeptide encoded by SEQ ID NO: 234 


30 aa 


SEQIDNO: 236 


VPR segment 3 


90 nts 


SEQ ID NO: 237 


Polypeptide encoded by SEQ ID NO: 236 


30 aa 


SEQ ID NO: 238 j 


VPR segment 4 


90 nts 
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SEQIDNO: 239 


Polypeptide encoded by SEQ ID NO: 238 


30 aa 


SEQIDNO:240 


VPR segment 5 


90nts 


SEQIDNO: 241 


Polypeptide encoded by SEQ ID NO: 240 


30 aa 


SEQIDNO: 242 


VPR segment 6 


63nts 


SEQIDNO: 243 


Polypeptide encoded by SEQ ID NO: 242 


21 aa 


SEQIDNO: 244 


TAT segment 1 


90nts 


SEQIDNO: 245 


Polypeptide encoded by SEQ ID NO: 244 


30 aa 


SEQIDNO: 246 


TAT segment 2 


90nts 


SEQIDNO: 247 


Polypeptide encoded by SEQ ID NO: 246 


30 aa 


SEQIDNO: 248 


TAT segment 3 


90nts 


SEQIDNO: 249 


Polypeptide encoded by SEQ ID NO: 248 


30 aa 


SEQIDNO: 250 


TAT segment 4 


90nts 


SEQIDNO: 251 


Polypeptide encoded by SEQ ID NO: 250 


30 aa 


SEQIDNO: 252 


TAT segment 5 


90nts 


SEQIDNO: 253 


Polypeptide encoded by SEQ ID NO: 252 


30 aa 


SEQIDNO: 254 


TAT segment 6 


81 nts 


SEQIDNO: 255 


Polypeptide encoded by SEQ ID NO: 254 


27 aa 


SEQ ID NO: 256 


REV segment 1 


90 nts 


SEQIDNO: 257 


Polypeptide encoded by SEQ ID NO: 256 


30 aa 


SEQIDNO: 258 


REV segment 2 


90 nts 


SEQ ID NO: 259 


Polypeptide encoded by SEQ ID NO: 258 


30 aa 


SEQ ID NO: 260 


REV segment 3 


90 nts 


SEQ ID NO: 261 


Polypeptide encoded by SEQ ID NO: 260 


30 aa 


SEQ ID NO: 262 


REV segment 4 


90 nts 
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SEO ID NO' 263 


Polvoentide encoded bv SEO ID NO - 262 


30 aa 


SEO ID NO* 264 


REV segment 5 


90 tits 


SEO ID NO- 265 


Pnlvnpntidf* f»ncndftd bv SFO TH "NTH* 


30 

Jw ail 


SFO ID NO- 266 


RFV cpompnt (\ 


QO rite 

nis 


SFO TH NO- 767 


jTOiypcpuuc cncoucu oy ocy jll/ inl/. zoo 


JU aa 


OEy JUL/ INV-/. ZOO 


Or<\/ cprrmpnt 7 

jtvuv scguicni / 


yu nis 


OlZA^ JUL/ IN"L/. ZD7 


jroiypepuue encoaea oy onv^ jjl/ invj. zoo 




WO TT) NO- 970 


ivc V seguieni o 


d*\ nis 


cpn rn wn* 771 

ully JUL/ Z / 1 


jroiypepuue encoaea oy oni^ Jll* inl/. z /u 


lo aa 


cpn rn MO- 777 

OCv^ JUL/ XNv/. Z / Z 


vjtu segment i 


yu nts 


opn TH NO- 773 

JUL/ IN V/. Z / J 


jroiypepuae encoaea oy oUVd anu. z / z 


aa 


SFO TTI NO- 774 

OEy JUL/ 1>IV/. Z/*t 


\7~PT T pprtmptit 7 

vjtij seamen i z 


OA nfp 

yu nis 


SFO in NO- 77S 


x uiypepuue encuueu oy djg\^ jul/ in\j. z /*t 


Oft OQ 

ju aa 


SEO ID NO- 276 


VPT I ^imipnt 3 


QO ntc 

y v nis 


SEO ID NO- 277 


Polvnentide encoded hv SFO TT> NO- 776 


30 aa 


SEO ID NO' 278 


VPU segment 4 

▼ X V/ JVM 1 Witt t 


Q0 ntc 


SEO ID NO- 279 


PoIvneDtide encoded bv SEO TD NO* 278 


30 aa 
~> \J cut 


SEQ ID NO: 280 


VPU seement 5 


63 nts 

V/«/ XI LO 


SEQIDNO: 281 


Polypeptide encoded by SEQ ID NO: 280 


21 aa 


SEQ ID NO: 282 


ENV segment 1 


90 nts 


SEQIDNO: 283 


Polypeptide encoded by SEQ ID NO: 282 


30 aa 


SEQIDNO: 284 


ENV segment 2 


90 nts 


SEQIDNO: 285 


Polypeptide encoded by SEQ ID NO: 284 


30 aa 


SEQIDNO: 286 


ENV segment 3 


90 nts 
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1 M^!£tf€£® 
I PWMM 




i! - i 

j; i 


SEQ ID NO: 287 


Polypeptide encoded by SEQ ID NO: 286 


30 aa 


SEQ ID NO: 288 


ENV segment 4 


90nts 


SEQ ID NO: 289 


Polypeptide encoded by SEQ ID NO: 288 


30 aa 


SEQ ID NO: 290 


ENV segment 5 


90 nts 


SEQ ID NO: 291 


Polypeptide encoded by SEQ ID NO: 290 


30 aa 


SEQ ID NO: 292 


ENV segment 6 


90 nts 


SEQ ID NO: 293 


Polypeptide encoded by SEQ ID NO: 292 


30 aa 


SEQ ID NO: 294 


ENV segment 7 


90 nts 


SEQ ID NO: 295 


Polypeptide encoded by SEQ ID NO: 294 


30 aa 


SEQ ID NO: 296 


ENV segment 8 


90 nts 


SEQ ID NO: 297 


Polypeptide encoded by SEQ ID NO: 296 


30 aa 


SEQ ID NO: 298 


ENV segment 9 


57 nts 


SEQ ID NO: 299 


Polypeptide encoded by SEQ ID NO: 298 


19 aa 


SEQ ID NO: 300 


GAP A segment 1 


90 nts 


SEQ ID NO: 301 


Polypeptide encoded by SEQ ID NO: 300 


30 aa 


SEQ ID NO: 302 


GAP A segment 2 


90 nts 


SEQ ID NO: 303 


Polypeptide encoded by SEQ ID NO: 302 


30 aa 


SEQ ID NO: 304 


GAP A segment 3 


90 nts 


J>iiQ ID NU: 305 


rolypepnae encoded by bEQ ID JNU: 304 


30 aa 


SEQ E> NO: 306 


GAP A segment 4 


90 nts 


SEQ ID NO: 307 


Polypeptide encoded by SEQ ID NO: 306 


30 aa 


SEQ ID NO: 308 


GAP A segment 5 


90 nts 


SEQ ID NO: 309 


Polypeptide encoded by SEQ ID NO: 308 


30 aa 


SEQ ID NO: 310 


GAP A segment 6 


90 nts 
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i 


ji 


1 

i: i 


SEQIDNO: 311 


Polypeptide encoded by SEQ ID NO: 310 


30 aa 


SEQ ID NO: 312 


GAP A segment 7 


75nts 


SEQ ID NO: 313 


Polypeptide encoded by SEQ ID NO: 312 


25nts 


SEQ ID NO: 314 


GAP B segment 1 


90 nts 


SEQ ID NO: 315 


Polypeptide encoded by SEQ ID NO: 314 


30 aa 


SEQ ID NO: 316 


GAP B segment 2 


90 nts 


SEQ ID NO: 317 


Polypeptide encoded by SEQ ID NO: 316 


30 aa 


SEQ ID NO: 318 


GAP B segment 3 


90 nts 


SEQ ID NO: 319 


Polypeptide encoded by SEQ ID NO: 318 


30 aa 


SEQ ID NO: 320 


GAP B segment 4 


90 nts 


SEQ ID NO: 321 


Polypeptide encoded by SEQ ID NO: 320 


30 aa 


SEQ ID NO: 322 


GAP B segment 5 


90 nts 


SEQ ID NO: 323 


Polypeptide encoded by SEQ ID NO: 322 


30 aa 


SEQIDNO: 324 


GAP B segment 6 


90 nts 


SEQ ID NO: 325 


Polypeptide encoded by SEQ ID NO: 324 


30 aa 


SEQ ID NO: 326 


GAP B segment 7 


90 nts 


SEQ ID NO: 327 


Polypeptide encoded by SEQ ID NO: 326 


30 aa 


SEQ ID NO: 328 


GAP B segment 8 


90 nts 


SEQ ID NO: 329 


Polypeptide encoded by SEQ ID NO: 328 


30 aa 


SEQIDNO: 330 


GAP B segment 9 


90 nts ; 


SEQ ID NO: 331 


Polypeptide encoded by SEQ ID NO: 330 


30 aa 


SEQIDNO: 332 


GAP B segment 10 


90 nts 


SEQIDNO: 333 


Polypeptide encoded by SEQ ID NO: 332 


30 aa 


SEQIDNO: 334 


GAP B segment 1 1 


90 nts 
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i 1 




SEQ ID NO: 335 


Polypeptide encoded by SEQ ID NO: 334 


30 aa 


SEQIDNO: 336 


GAP B segment 12 


90nts 


SEQ ID NO: 337 


Polypeptide encoded by SEQ ID NO: 336 


30 aa 


SEQ ID NO: 338 


GAP B segment 13 


90nts 


SEQIDNO: 339 


Polypeptide encoded by SEQ ID NO: 338 


30 aa 


SEQ ID NO: 340 


GAP B segment 14 


90nts 


SEQ ID NO: 341 


Polypeptide encoded by SEQ ID NO: 340 


30 aa 


SEQ ID NO: 342 


GAP B segment 15 


90 nts 


SEQ ID NO: 343 


Polypeptide encoded by SEQ ID NO: 342 


30 aa 


SEQ ID NO: 344 


GAP B segment 16 


90 nts 


SEQ ID NO: 345 


Polypeptide encoded by SEQ ID NO: 344 


30 aa 


SEQ ID NO: 346 


GAP B segment 17 


90 nts 


SEQ ID NO: 347 


Polypeptide encoded by SEQ ID NO: 346 


30 aa 


SEQ ID NO: 348 


GAP B segment 18 


90 nts 


SEQ ID NO: 349 


Polypeptide encoded by SEQ ID NO: 348 


30 aa 


SEQ ID NO: 350 


GAP B segment 19 


90 nts 


SEQ ID NO: 351 


Polypeptide encoded by SEQ ID NO: 350 


30 aa 


SEQ ID NO: 352 


GAP B segment 20 


90 nts 


SEQ ID NO: 353 


Polypeptide encoded by SEQ ID NO: 352 


30 aa 


SEQ ID NO: 354 


GAP B segment 21 


90 nts 


SEQIDNO: 355 


Polypeptide encoded by SEQ ID NO: 354 


30 aa 


SEQIDNO: 356 


GAP B segment 22 


90 nts 


SEQIDNO: 357 


Polypeptide encoded by SEQ ID NO: 356 


30 aa 


SEQIDNO: 358 


GAP B segment 23 


90 nts 



WO 01/090197 



PCT/AU01/00622 



-32- 



1 !\l 7 F\/'rtT t -j7}''5: 


li 

!l . .. . .. .... 


j ™ | 


OX2f\ W\ XT/"V 1 CO 

oEQ *D iNU. iDy 


Polypeptide encoded by oEQ ID NO: 358 


30 aa 


bEQ 1DNU: 360 


CjAP B segment 24 


90nts 


SEQ ID NO: 361 


Polypeptide encoded by SEQ ID NO: 360 


30 aa 


SEQ ID NO: 362 


GAP B segment 25 


90 nts 


SEQ ED NO: 363 


Polypeptide encoded by SEQ ID NO: 362 


30 aa 


SEQ ID NO: 364 


GAP B segment 26 


66 nts 


SEQ ID NO: 365 


Polypeptide encoded by SEQ ID NO: 364 


22 aa 


SEQ ID NO: 366 


NEF segment 1 


90 nts 


SEQ ID NO: 367 


Polypeptide encoded by SEQ ID NO: 366 


30 aa 


SEQ ID NO: 368 


NEF segment 2 


90 nts 


SEQ ID NO: 369 


Polypeptide encoded by SEQ ID NO: 368 


30 aa 


SEQ ID NO: 370 


NEF segment 3 


90 nts 


SEQ ID NO: 371 


Polypeptide encoded by SEQ ID NO: 370 


30 aa 


SEQ ID NO: 372 


NEF segment 4 j 


90 nts 


SEQ ID NO: 373 


Polypeptide encoded by SEQ ID NO: 372 


30 aa 


JSEQ ID NU. J /4 


NEr segment d 


90 nts 


!SEQ ID NU: 3 /5 


rolypepnae encoded by 5>EQ ID NO: 374 


30 aa 


oJCv^ U-J INW. 3/0 


in tLr segment o 


yu nts 


WO TTI WO- ^77 


a oiypcpuue encoaea oy onv^ u-/ inlj. j /o 


jU aa 


SEQ ID NO: 378 


NEF segment 7 


90 nts 


SEQ ID NO: 379 


Polypeptide encoded by SEQ ID NO: 378 


30 aa 


SEQ ID NO: 380 


NEF segment 8 


90 nts 


SEQ ID NO: 381 


Polypeptide encoded by SEQ ID NO: 380 


30 aa 


SEQ ID NO: 382 


NEF segment 9 


90 nts 
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1' ! 

I \ 


£>r\l JJJ IMU. JoJ 


roiypeptiae encoaea oy otsvj ID JNU. JoZ 


JU aa 


aliQ iu NU. Jo4 


Nbr segment 10 


90 nts 


OT7A Il\ \TA. -> 

SEQ ID NO: 385 


tn 1... i' J. _ J _ J | CiYf/"\ TTX \TO. 1 O A 

Polypeptide encoded by SEQ ID NO: 384 


30 aa 


SEQ ID NO: 386 


NEF segment 1 1 


90nts 


SEQ ID NO: 387 


Polypeptide encoded by SEQ ID NO: 386 


30 aa 


SEQ ID NO: 388 


NEF segment 12 


90nts 


SEQ ID NO: 389 


Polypeptide encoded by SEQ ID NO: 388 


30 aa 


SEQ ID NO: 390 


NEF segment 13 


78nts 


SEQ ID NO: 391 


Polypeptide encoded by SEQ ID NO: 390 


26 aa 


SEQ ID NO: 392 


HIV Cassette A 1 


5703 nts 


SEQ ID NO: 393 


Polypeptide encoded by SEQ ID NO:392 


1896 aa 


SEQ ID NO: 394 


HIV Cassette Bl 


5685 nts 


SEQ ID NO: 395 


Polypeptide encoded by SEQ ID NO: 394 


1890 aa 


SEQ ID NO: 396 


HIV Cassette CI 


5925 nts 


SEQ ID NO: 397 


Polypeptide encoded by SEQ ID NO: 396 


1967 aa 


oJbQ ID JNU: JJJo 


HIV Cassette Az 


5703 nts j 


CCA m XT/'V ion 

ISbQ ID NU. iyy 


Polypeptide encoaea by bfc»Q ID NU: JV8 


lovo aa 




fuv v^asseue dz 


jOod nxs 


^FO TD NO- 401 




107U Oil 


SEQ ID NO: 402 


HIV Cassette C2 


5925 nts 


SEQ ID NO: 403 


Polypeptide encoded by SEQ ID NO: 402 


1967 aa 


SEQ ID NO: 404 


HIV complete Savine 


17244 nts 


SEQ ID NO: 405 


Polypeptide encoded by SEQ ID NO: 404 


5747 aa 


SEQ ID NO: 406 


HepCla consensus polyprotein sequence 


3011 aa 
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or?o TTI XJfY Af.7 


riepi^ I a segment i 


yu nis 


oliQ ID NU. 40o 


Polypeptide encoded oy oe\1 id nu: 4U / 


*J A An 

3u aa 


OT?/"\ "IT* XT A. A AA 

bKQ ID NO: 409 


T T 1 - - - a. ^\ 

HepCla segment 2 


AA 

90 nts 


nnA TTV VTA. J 1 A 

SEQIDNU: 410 


TV - t ... - - ..tf J- „ ^ J _ J t C*T7^*V TT*V VTA. A A A 

Polypeptide encoded by SEQ ID NO: 409 


30 aa 


OT"?/"\ TT\ \TA. ill 1 

SEQ ID NO: 411 


TT < _ — - - . A *V 

HepCla segment 3 


90 nts 


nrA TT\ \TA 

SEQ ID NO: 412 


TV 1 a! J j j » OPA TTV VTA 4 4 t 

Polypeptide encoded by SEQ ID NO: 41 1 


30 aa 


OT^^% TT% VTA 4 < O 

SEQ ID NO: 413 


TT A* a. A 

HepC 1 a segment 4 


90 nts 


SEQ ID NO: 414 


TV 1 . • J « J 1 mm/s | i v V Ty~V A -t *V 

Polypeptide encoded by SEQ ID NO: 413 


30 aa 


SEQ ID NO: 415 


HepC la segment 5 


90 nts 


SEQ ID NO: 416 


TV 1 .a.' J$ J J *_ nriA TfV VTA ji C 

Polypeptide encoded by SEQ ID NO: 415 


30 aa 


OPA Tf\ VTA A 1 't 

SEQ ID NO: 417 


HepCla segment 6 


90 nts 


pPA TT\ VTA. A 

SEQ ID NO: 418 


TV_ 1 J , _ _ 1 3 T £-»t-i/~V TTV XTA. A ■% *1 

Polypeptide encoded by SEQ ID NO: 417 


*>A ' 

30 aa 


OT7A. TTV XT A. v* 1 A 

SEQ ID NU: 419 


HepCla segment 7 


90 nts 


C"t?A TTV XT A. vlOA 

oEQ ID NU: 420 


D A KmM*U A ~~.~*A~A L.-.. OT?r» TTV VTA. vl 1 A 

Polypeptide encoded by oEQ ID NU: 419 


OA 

30 aa 


aE\l ID NU. 4Z1 


nepu l a segment <s 


9u nts 


OTJA TTV XTA. /IOO 

otvi ID NU. 4ZZ 


DntimAnfi/1a aiMn/\j4a/l 1*« r CCH 1 1 V XT/A* /tO 1 

polypeptide encoaca oy oJtiv^ id nu. 4Z1 


"3 A nn 

30 aa 


CPA TTi XT/"V /to 7 
MiV£ ID NU. 4ZJ 


nepL/ 1 a segment y 


OA «tp 

90 nts 


olil^ INU. 4Z4 


1 x r*v <^t-» 1 1 A j=> onnAijorfl V»vr CD/A TT\ XT/A* AOI 

roiypepnae encoaea oy orsv^ ulj invj. 4zj 


jU aa 






OH ntc 


SEQ ID NO: 426 


Polypeptide encoded by SEQ ID NO: 425 


30 aa 


SEQ ID NO: 427 


HepCla segment 11 


90 nts 


SEQ ID NO: 428 


Polypeptide encoded by SEQ ID NO: 427 


30 aa 


SEQ ID NO: 429 


HepCla segment 12 


90 nts 


SEQ ID NO: 430 


Polypeptide encoded by SEQ ID NO: 429 


30 aa 
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C*T?/\ TT\ XT A. A 1 1 

SEQ ID NO: 431 


TT ^"•'1 — _ a. 1 O 

HepCla segment 13 


90nts 


SEQ ID NO: 432 


Polypeptide encoded by SEQ ID NO: 43 1 


30 aa 


SEQ ID NO: 433 


HepCla segment 14 


90nts 


SEQ ID NO: 434 


Polypeptide encoded by SEQ ID NO: 433 


30 aa 


SEQ ID NO: 435 


HepCla segment 15 


90nts 


SEQ ID NO: 436 


Polypeptide encoded by SEQ ID NO: 435 


30 aa 


SEQ ID NO: 437 


HepCla segment 16 


90 nts 


SEQ ID NO: 438 


Polypeptide encoded by SEQ ID NO: 437 


30 aa 


SEQ ID NO: 439 


HepCla segment 17 


90 nts 


SEQ ID NO: 440 


Polypeptide encoded by SEQ ID NO: 439 


30 aa 


SEQ ID NO: 441 


HepCla segment 18 


90 nts 


SEQ ID NO: 442 


Polypeptide encoded by SEQ ID NO: 441 


30 aa 


SEQ ID NO: 443 


HepCla segment 19 


90 nts 


SEQ ID NO: 444 


Polypeptide encoded by SEQ ID NO: 443 


30 aa 


opa tt\ virv. A A AT 

SEQ ID NO: 445 


HepCla segment 20 


90 nts 


f»T7/\ TTV VTA. A A £. 

SEQ ID NO: 446 


Y^—_ 1 a! J_ J J i nr»/\ TT\ VTA A AC 

Polypeptide encoded by SEQ ID NO: 445 


30 aa 


n-rjA TT"\ VTA. A A 'I 

SEQ ID NO: 447 


HepCla segment 21 


90 nts 


CCA TT\ XT A. A AO 

bhQ ID NO: 448 


T> r-, 1 ■ .. . -, ■■ 4. ,1 ,-, -* 1 V _ . Cl T?/*^\ TTT\ VTA. A A^l 

Polypeptide encoded by SEQ ID NO: 447 


30 aa 




riepuia segment zz 


90 nts 


SEQ ID NO: 450 


Polypeptide encoded by SEQ ID NO: 449 


30 aa 


SEQ ID NO: 451 


HepCla segment 23 


90 nts 


SEQ ID NO: 452 


Polypeptide encoded by SEQ ID NO: 451 


30 aa 


SEQ ID NO: 453 


HepCla segment 24 


90 nts 


SEQ ID NO: 454 


Polypeptide encoded by SEQ ID NO: 453 


30 aa 
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SEQ ID NO: 455 


HepCla segment 25 


90nts 


SEQ ID NO: 456 


Polypeptide encoded by SEQ ID NO: 455 


30 aa 


SEQ ID NO: 457 


HepCla segment 26 


90nts j 


SEQ ID NO: 458 


Polypeptide encoded by SEQ ID NO: 457 


30 aa 


SEQ ID NO: 459 


HepCla segment 27 


90 nts 


SEQ ID NO: 460 


Polypeptide encoded by SEQ ID NO: 459 


30 aa 


SEQ ID NO: 461 


HepCla segment 28 


90 nts 


SEQ ID NO: 462 


Polypeptide encoded by SEQ ID NO: 461 


30 aa 


SEQ ID NO: 463 


HepCla segment 29 


90 nts 


SEQ ID NO: 464 


Polypeptide encoded by SEQ ID NO: 463 


30 aa 


SEQ ID NO: 465 


HepCla segment 30 


90 nts 


SEQ ID NO: 466 


Polypeptide encoded by SEQ ID NO: 465 


30 aa 


SEQ ID NO; 467 


HepCla segment 31 


90 nts 


SEQ ID NO: 468 


Polypeptide encoded by SEQ ID NO: 467 


30 aa 


SEQ ID NO: 469 


HepCla segment 32 


90 nts 


SEQ ID NO: 470 


Polypeptide encoded by SEQ ID NO: 469 


30 aa 


SEQ ID NO: 471 


HepCla segment 33 


90 nts | 


SEQ ID NO: 472 


Polypeptide encoded by SEQ ID NO: 471 


30 aa 


oUv£ ID JNU: 4 / o 


T T 1 _ Hi,,,.,, ■ O A 

JriepCla segment J4 


90 nts 


SEQ ID NO: 474 


Polypeptide encoded by SEQ ID NO: 473 


30 aa 


SEQ ID NO: 475 


HepCla segment 35 


90 nts 


SEQ ID NO: 476 


Polypeptide encoded by SEQ ID NO: 475 


30 aa 


SEQ ID NO: 477 


HepCla segment 36 


90 nts ! 


SEQ ID NO: 478 


Polypeptide encoded by SEQ ID NO: 477 


30 aa 
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SEQ ID NO: 479 


HepCla segment 37 


90nts 


SEQ ID NO: 480 


Polypeptide encoded by SEQ ID NO: 479 


30 aa 


SEQ ID NO: 481 


HepCla segment 38 


90nts 


SEQ ID NO: 482 


Polypeptide encoded by SEQ ID NO: 481 


30 aa 


SEQ ID NO: 483 


HepCla segment 39 


90nts 


SEQ ID NO: 484 


Polypeptide encoded by SEQ ID NO: 483 


30 aa 


SEQ ID NO: 485 


HepCl a segment 40 


90nts 


SEQ ID NO: 486 


Polypeptide encoded by SEQ ID NO: 485 


30 aa 


SEQ ID NO: 487 


HepCla segment 41 


90nts 


SEQ ID NO: 488 


Polypeptide encoded by SEQ ID NO: 487 


30 aa 


SEQ ID NO: 489 


HepCla segment 42 


90nts 


SEQ ID NO: 490 


Polypeptide encoded by SEQ ID NO: 489 


30 aa 


SEQ ID NO: 491 


HepCla segment 43 


90nts 


SEQ ID NO: 492 


Polypeptide encoded by SEQ ID NO: 491 


30 aa 


SEQ ID NO: 493 


HepC 1 a segment 44 


90nts 


SEQ ID NO: 494 


Polypeptide encoded by SEQ ID NO: 493 


30 aa 


SEQ ID NO: 495 


HepCla segment 45 


90nts 


SEQ ID NO: 496 


Polypeptide encoded by SEQ ID NO: 495 


30 aa 


SEQ ID NO: 497 


HepCla segment 46 


90nts 


SEQ ID NO: 498 


Polypeptide encoded by SEQ ID NO: 497 


30 aa 


SEQ ID NO: 499 


HepCla segment 47 


90nts 


SEQ ID NO: 500 


Polypeptide encoded by SEQ ID NO: 499 


30 aa 


SEQ ID NO: 501 


HepCla segment 48 


90nts 


SEQ ID NO: 502 


Polypeptide encoded by SEQ ID NO: 501 


30 aa 
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SEQ ID NO: 503 


TT__A1 - - - a iA 

HepCla segment 49 


90nts 


SEQ ID NO: 504 


Polypeptide encoded by SEQ ID NO: 503 


30 aa 


SEQ ID NO: 505 


HepCla segment 50 


90nts 


SEQ ID NO: 506 


Polypeptide encoded by SEQ ID NO: 505 


30 aa 


SEQ ID NO: 507 


HepCla segment 51 


90nts 


SEQ ID NO: 508 


Polypeptide encoded by SEQ ID NO: 507 


30 aa 


SEQ ID NO: 509 


HepCla segment 52 


90nts 


SEQ ID NO: 510 


Polypeptide encoded by SEQ ED NO: 509 


30 aa 


SEQ ID NO: 511 


HepCla segment 53 


90nts | 


SEQ ID NO: 512 


Polypeptide encoded by SEQ ID NO: 5 1 1 


30 aa 


SEQ ID NO: 513 


HepCla segment 54 


90nts 


SEQ ID NO: 514 


Polypeptide encoded by SEQ ID NO: 513 


30 aa 


SEQ ID NO: 515 


HepCla segment 55 


90nts 


SEQ ID NO: 516 


Polypeptide encoded by SEQ ID NO: 515 


30 aa 


SEQ ID NO: 517 


HepC 1 a segment 56 


90nts 


OT7A TT\ VTA CIO 

SEQ ID NO: 518 


Polypeptide encoded by SEQ ID NO: 517 


30 aa 


OT7/~\ TTV VTA. CIO 

SEQ ID NO: 519 


HepCla segment 57 


90nts 


bliQ ID NU: 520 


Polypeptide encoded by SEQ ID NO: 519 


30 aa 


ocy iU IMU. 3zl 


xiepi^ia segment Do 


90nts 


SEQ ID NO: 522 


Polypeptide encoded by SEQ ID NO: 521 


30 aa 


SEQ ID NO: 523 


HepCl a segment 59 


90nts 


SEQ ID NO: 524 


Polypeptide encoded by SEQ ID NO: 523 


30 aa i 


SEQ ID NO: 525 


HepCla segment 60 


90nts 


SEQ ID NO: 526 


Polypeptide encoded by SEQ ID NO: 525 


30 aa 
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-i - . . 

i 


i: 

!! 


OCA TTfc XT/V COT 

J>xiQ ID NU: 527 


HepCla segment ol 


90 nts 


SEQ ID NO: 528 


Polypeptide encoded by SEQ ID NO: 527 


30 aa 


SEQ ID NO: 529 


HepCla segment 62 


90 nts 


SEQ ID NO: 530 


Polypeptide encoded by SEQ ID NO: 529 


30 aa 


SEQ ID NO: 531 


HepCla segment 63 


90 nts 


SEQ ID NO: 532 


Polypeptide encoded by SEQ ID NO: 53 1 


30 aa 


SEQ ID NO: 533 


HepCla segment 64 


90 nts 


SEQ ID NO: 534 


Polypeptide encoded by SEQ ID NO: 533 


30 aa 


SEQ ID NO: 535 


HepCla segment 65 


90 nts 


SEQ ID NO: 536 


Polypeptide encoded by SEQ ID NO: 535 


30 aa 


SEQ ID NO: 537 


HepCla segment 66 


90 nts 


SEQ ID NO: 538 


Polypeptide encoded by SEQ ID NO: 537 


30 aa 


SEQ ID NO: 539 


HepCla segment 67 


90 nts 


SEQ ID NO: 540 


Polypeptide encoded by SEQ ID NO: 539 


30 aa 


SEQ ID NO: 541 


HepCla segment 68 


90 nts 


SEQ ID NO: 542 


Polypeptide encoded by SEQ ID NO: 541 


30 aa 


SEQ ID NO: 543 


T T _ ^% ^ _ _ — — ay a£ f\ 

HepCla segment 69 


90 nts 


bbQ ID NU: 544 


Polypeptide encoded by olsQ 1UNU: 54 J 


30 aa 




riepu i a segment /u 


y\) nts 


SEQ ID NO: 546 


Polypeptide encoded by SEQ ID NO:545 


30 aa 


SEQ ID NO: 547 


HepCla segment 71 


90 nts 


SEQ ID NO: 548 


Polypeptide encoded by SEQ ID NO: 547 


30 aa 


SEQ ID NO: 549 


HepC 1 a segment 72 


90 nts 


SEQ ID NO: 550 


Polypeptide encoded by SEQ ID NO: 549 


30 aa 
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SEQIDNO: 551 


HepCla segment 73 


90nts 


SEQIDNO: 552 


Polypeptide encoded by SEQ ED NO: 551 


30 aa 


SEQIDNO: 553 


HepCla segment 74 


90nts 


SEQIDNO: 554 


Polypeptide encoded by SEQ ED NO: 553 


30 aa 


SEQIDNO: 555 


HepCla segment 75 


90nts 


SEQ ID NO: 556 


Polypeptide encoded by SEQ ID NO: 555 


30 aa 


SEQIDNO: 557 


HepCla segment 76 


90nts 


SEQ ID NO: 558 


Polypeptide encoded by SEQ ID NO: 557 


30 aa 


SEQIDNO: 559 


HepC la segment 77 


90nts 


SEQ ID NO: 560 


Polypeptide encoded by SEQ ID NO: 559 


30 aa 


SEQ ID NO: 561 


HepCla segment 78 


90nts 


SEQIDNO: 562 


Polypeptide encoded by SEQ EO NO: 561 


30 aa 


SEQIDNO: 563 


HepCla segment 79 


90nts 


SEQ ID NO: 564 


Polypeptide encoded by SEQ ID NO: 563 


30 aa 


SEQ ID NO: 565 


HepCla segment 80 


90nts 


SEQIDNO: 566 


Polypeptide encoded by SEQ ID NO: 565 


30 aa 


SEQ ID NO: 567 


HepCla segment 81 


90nts 


SEQ ID NO: 568 


Polypeptide encoded by SEQ ID NO: 567 


30 aa 


SEQ ED NO: 569 


HepCla segment 82 


90nts 


SEQIDNO: 570 


Polypeptide encoded by SEQ ID NO: 569 


30 aa 


SEQIDNO: 571 


HepCla segment 83 


90nts 


SEQIDNO: 572 


Polypeptide encoded by SEQ ED NO: 571 


30 aa 


SEQIDNO: 573 


HepCla segment 84 


90nts 


SEQIDNO: 574 


Polypeptide encoded by SEQ ED NO: 573 


30 aa 
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xiepVxia segmeiii 53 


OA nfc 

yu nis 




polypeptide encoded Dy SEQ id no. 5 /5 


OA n - 

JU aa 


SEQ no. ^ ' ' 


nepcia segment 80 


AA m^-m 

90 nts 


SEQ ID NUI 3 /o 


Polypeptide encoded by SEQ ID NO: 577 


30 aa 


SEQ ID NU. 3 /y 


TT-—A1 A n , 1 t OO 

HepU l a segment 8 / 


OA — 

90 nts 


SEQ ID NU: 580 


Polypeptide encoded by SEQ ID NO: 579 


30 aa 


SEQ ID NO: 581 


HepCla segment 88 


90 nts 


OT3/^ TT^ \TA. COO 

SEQ ID NO: 582 


Polypeptide encoded by SEQ ID NO: 581 


30 aa 


OT7/*\ TTV \TA. COO. 

SEQ ID NO: 583 


HepCla segment 89 


90 nts 


nr?A TTV XT/^. CO>t 

SEQ ID NO: 584 


Polypeptide encoded by SEQ ID NO: 583 


30 aa 


CiT7/^v TT-v XT7"\. COC 

SEQ ID NO: 585 


HepCla segment 90 


90 nts 


SEQ ID NO: 586 


Polypeptide encoded by SEQ ID NO: 585 


30 aa 


C"C/"^ TTV X1V\. COO 

SEQ ID NO: 587 


HepCla segment 91 


90 nts 


SHQ ID NO. 3oo 


DnKmonfi'^n a n AAr1<J l_i r CEH TT\ XT/"\. C 0*7 

Polypeptide encoded by SEQ ID NO: 587 


OA 

30 aa 


oHV{ *D FIKJ. 35y 


tiep^ia segment yz 


yo nts j 




ruiypepuae encoaea oy oisv^ jlu inlj. jo7 


jo aa 




nepv^ 1 a segment y~> 


OH ntc 

yu nis 




ruiypcpuue encoaeu uy ocy U-/ ino. «>^i 


aa 


SEO TD NO" 593 




On ntc 


SEQ ID NO: 594 


Polypeptide encoded by SEQ ID NO: 593 


30 aa 


SEQ ID NO: 595 


HepCla segment 95 


90 nts 


SEQ ID NO: 596 


Polypeptide encoded by SEQ ID NO: 595 


30 aa 


SEQ ID NO: 597 


HepCla segment 96 


90 nts 


SEQ ID NO: 598 


Polypeptide encoded by SEQ ID NO: 597 


30 aa 
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SEQIDNO: 599 


HepCla segment 97 


90nts 


SEQ ID NO: 600 


Polypeptide encoded by SEQ ID NO: 599 


30 aa 


SEQIDNO: 601 


HepCla segment 98 


90nts 


SEQIDNO: 602 


Polypeptide encoded by SEQ ID. NO: 601 


30 aa 


SEQIDNO: 603 


HepCla segment 99 


90nts 


SEQIDNO: 604 


Polypeptide encoded by SEQ ID NO: 603 


30 aa 


SEQIDNO: 605 


HepCla segment 100 


90nts 


SEQIDNO: 606 


Polypeptide encoded by SEQ ID NO: 605 


30 aa 


SEQIDNO: 607 


HepCla segment 101 


90nts 


SEQIDNO: 608 


Polypeptide encoded by SEQ ID NO: 607 


30 aa 


SEQIDNO: 609 


HepC 1 a segment 1 02 


90nts 


SEQ ID NO: 610 


Polypeptide encoded by SEQ ID NO: 609 


30 aa 


SEQIDNO: 611 


HepCla segment 103 


90nts 


SEQIDNO: 612 


Polypeptide encoded by SEQ ID NO: 61 1 


30 aa 


SEQIDNO: 613 


HepCla segment 104 


90nts 


SEQIDNO: 614 


Polypeptide encoded by SEQ ID NO: 613 


30 aa 


SEQIDNO: 615 


HepCla segment 105 


90nts 


SEQIDNO: 616 


Polypeptide encoded by SEQ ID NO: 615 


30 aa 


SEQIDNO: 617 


HepCla segment 106 


90nts 


SEQIDNO: 618 


Polypeptide encoded by SEQ ID NO: 617 


30 aa 


SEQIDNO: 619 


HepCla segment 107 


90nts 


SEQ ID NO: 620 


Polypeptide encoded by SEQ ID NO: 619 


30 aa 


SEQIDNO: 621 


HepCla segment 108 


90nts 


SEQ ID NO: 622 


Polypeptide encoded by SEQ ID NO: 621 


30 aa 



WO 01/090197 



PCT/AU01/00622 



-43- 




SEQIDNO: 623 


HepCla segment 109 


90 nts 


SEQ ID NO: 624 


Polypeptide encoded by SEQ ID NO: 623 


30 aa 


SEQIDNO: 625 


HepCla segment 1 10 


90 nts 


SEQIDNO: 626 


Polypeptide encoded by SEQ ID NO: 625 


30 aa 


SEQIDNO: 627 


HepCla segment 1 1 1 


90 nts 


SEQIDNO: 628 


Polypeptide encoded by SEQ ID NO: 627 


30 aa 


SEQIDNO: 629 


HepCla segment 112 


90 nts 


SEQIDNO: 630 


Polypeptide encoded by SEQ ID NO: 629 


30 aa 


SEQIDNO: 631 


HepCla segment 113 


90 nts 


SEQIDNO: 632 


Polypeptide encoded by SEQ ID NO: 631 


30 aa 


SEQIDNO: 633 


HepCla segment 1 14 


90 nts 


SEQIDNO: 634 


Polypeptide encoded by SEQ ID NO: 633 


30 aa 


SEQIDNO: 635 


HepCla segment 1 15 


90 nts 


SEQIDNO: 636 


Polypeptide encoded by SEQ ID NO: 635 


30 aa 


SEQIDNO: 637 


HepCla segment 1 16 


90 nts 


SEQIDNO: 638 


Polypeptide encoded by SEQ ID NO: 637 


30 aa 


SEQIDNO: 639 


HepCla segment 117 


90 nts 


SEQIDNO: 640 


Polypeptide encoded by SEQ ID NO: 639 


30 aa 


SEQIDNO: 641 


HepCla segment 118 


90 nts 


SEQIDNO: 642 


Polypeptide encoded by SEQ ID NO: 641 


30 aa 


SEQIDNO: 643 


HepCla segment 119 


90 nts 


SEQIDNO: 644 


Polypeptide encoded by SEQ ID NO: 643 


30 aa 


SEQIDNO: 645 


HepCla segment 120 


90 nts 


SEQIDNO: 646 


Polypeptide encoded by SEQ ID NO: 645 


30 aa 
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SEQ ID NO: 647 


HepCla segment 121 


90nts 


SEQIDNO: 648 


Polypeptide encoded by SEQ ID NO: 647 


30 aa 


SEQIDNO:649 


HepCla segment 122 


90nts 


SEQIDNO: 650 


Polypeptide encoded by SEQ ID NO: 649 


30 aa 


SEQIDNO: 651 


HepCla segment 123 


90nts 


SEQIDNO: 652 


Polypeptide encoded by SEQ ID NO: 651 


30 aa 


SEQIDNO: 653 


HepCla segment 124 


90nts 


SEQIDNO: 654 


Polypeptide encoded by SEQ ID NO: 653 


30 aa 


SEQIDNO: 655 


HepCla segment 125 


90nts 


SEQIDNO: 656 


Polypeptide encoded by SEQ ID NO: 655 


30 aa 


SEQIDNO: 657 


HepCla segment 126 


90nts 


SEQ ID NO: 658 


Polypeptide encoded by SEQ ID NO: 657 


30 aa 


SEQIDNO: 659 


HepCla segment 127 


90nts 


SEQ ID NO: 660 


Polypeptide encoded by SEQ ID NO: 659 


30 aa 


SEQIDNO: 661 


HepCla segment 128 


90nts 


SEQ ID NO: 662 


Polypeptide encoded by SEQ ID NO: 661 


30 aa 


SEQ ID NO: 663 


HepCla segment 129 


90nts 


SEQ ID NO: 664 


Polypeptide encoded by SEQ ID NO: 663 


30 aa 


SEQ ID NO: 665 


HepCla segment 130 


90nts 


SEQ ID NO: 666 


Polypeptide encoded by SEQ ID NO: 665 


30 aa 


SEQ ID NO: 667 


HepC 1 a segment 131 


90 nts 


SEQIDNO: 668 


Polypeptide encoded by SEQ ID NO: 667 


30 aa 


SEQIDNO: 669 


HepCla segment 132 


90 nts 


SEQ ID NO: 670 


Polypeptide encoded by SEQ ID NO: 669 


30 aa 
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Of) ntc 


oCy ID 1ND. O /Z 


r oiypepuuc encoaea oy o£jK£ id inw. o / i 


3u aa 


cr?o to xin* a 70 

oliv 1^ IN LI. O /3 


riepv_,i.a segment I3*f 


on nfp 
yu nts 


QUO TO XTO- AT/f 
oxiv^ ID NO. 0 /4 


D/\]imonh'/1a AttAA/lAfl V»t» OTTO "TTl XT/~\« fJTX 

roiypepuae encoded oy oiiVij id no. o / 3 


OA *>r» 

3U aa 


CCO TO XTO- <7C 

oJbQ ID NU. o/j 


riepu l a segment 133 


OA m4« 

yu nts 


btx^ ID NU: 0/0 


rolypepade encoded by oliQ id NO: 0/3 


OA 

3U aa 


JSJbQ 1L> NO: o77 


HepCla segment 13d 


AA 

90 nts 


ShQ ID NU: 0/5 


rolypepade encoded by obQ ID NO: 677 


OA ma 

30 aa 


SbQ ID NO: 679 


HepC 1 a segment 137 


90 nts 


nT?A rr\ VTA. jCOA 

bJbQ ID NO: 00O 


rolypepade encoded by abQ ID NO: o/y 


OA MM 

30 aa 


CCA Tf~\ XT A. <01 

J>riQ ^D NO. Oo 1 


Hepui a segment l3o 


AA ***-m 

yo nts 


CCA TT\ XT A. /TOO 

biiQ iD NO. Ooz 


rolypepade encoded by biiQ ID NO: 00 1 


OA MM 

30 aa 


OTJO TO XTO« AQO 

oily ID NO. Ooj 


nepu i a segment 1 3 y 


OA «4n 

yo nts 


CT2A TO XT A- AC/! 
OIlVJ ID JND. Oo4 


D/\1iinonii/1o onnn/lo/l U.. CUA TO XT A- /CQO 

roiypepuae encoaea oy ocy id inu. 003 1 


OA nr% 

3U aa 


OEy ID IND- OoJ 


irepv^ l a segmeni i*tu 


yu nis 


WO TTl tJO* tfRf? 
oXSv^ ID 1ND. OOU 


roiypepuae encoaea ay oiiy iu ind. do 3 


OA oo 
3U dd 


wn to wn- ^R7 

i3J2V^ ID JtND. OO / 


nepv^id. segmeni i*n 


On ntc 

nis 


cpn to mo- fiRR 


pAlvnpntiHf* prirAnVH hv TO MO* 6R7 


JV d4 


QTJO TO MO- AQQ 


riepv^ ia segmeni i*fz 


OA ntc 

yu nis 


SEQIDNO: 690 


Polypeptide encoded by SEQ ID NO: 689 


30 aa 


SEQIDNO:691 


HepCla segment 143 


90 nts 


SEQIDNO: 692 


Polypeptide encoded by SEQ ID NO: 691 


30 aa 


SEQIDNO: 693 


HepCla segment 144 


90 nts 


SEQIDNO: 694 


Polypeptide encoded by SEQ ID NO: 693 


30 aa 
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SEQIDNO: 695 


HepCla segment 145 


90nts 


SEQ ID NO: 696 


Polypeptide encoded by SEQ ID NO: 695 


30 aa 


SEQIDNO: 697 


HepCla segment 146 


90nts 


SEQIDNO: 698 


Polypeptide encoded by SEQ ID NO: 697 


30 aa 


SEQIDNO: 699 


HepCla segment 147 


90nts 


SEQ ID NO: 700 


Polypeptide encoded by SEQ ID NO: 699 


30 aa 


SEQ ID NO: 701 


HepCla segment 148 


90nts 


SEQIDNO: 702 


Polypeptide encoded by SEQ ID NO: 701 


30 aa 


SEQIDNO: 703 


HepCla segment 149 


90nts 


SEQIDNO: 704 


Polypeptide encoded by SEQ ID NO: 703 


30 aa 


SEQ ID NO: 705 


HepCla segment 150 


90nts 


SEQIDNO: 706 


Polypeptide encoded by SEQ ID NO: 705 


30 aa 


SEQ ID NO: 707 


HepCla segment 151 


90nts 


SEQIDNO: 708 


Polypeptide encoded by SEQ ID NO: 707 


30 aa 


SEQIDNO: 709 


HepCla segment 152 


90nts 


SEQIDNO: 710 


Polypeptide encoded by SEQ ID NO: 709 


30 aa 


SEQIDNO: 711 


HepCla segment 153 


90nts 


SEQ ID NO: 712 


Polypeptide encoded by SEQ ID NO: 71 1 


30 aa 


SEQ ID NO: 713 


HepCla segment 154 


90nts 


SEQIDNO: 714 


Polypeptide encoded by SEQ ID NO: 713 


30 aa 


SEQ ID NO: 715 


HepCla segment 155 


90 nts 


SEQIDNO: 716 


Polypeptide encoded by SEQ ID NO: 715 


30 aa 


SEQIDNO: 717 


HepCla segment 156 


90 nts 


SEQIDNO: 718 


Polypeptide encoded by SEQ ID NO: 717 


30 aa 
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B 


SEQ ID NO: 719 


HepC la segment 157 


90 nts 


SEQIDNO:720 


Polypeptide encoded by SEQ ID NO: 719 


30 aa 


SEQ ID NO: 721 


HepC la segment 158 


90 nts 


SEQ ID NO: 722 


Polypeptide encoded by SEQ ID NO: 721 


30 aa 


SEQ ID NO: 723 


HepC la segment 159 


90 nts 


SEQ ID NO: 724 


Polypeptide encoded by SEQ ID NO: 723 


30 aa 


SEQ ID NO: 725 


HepC la segment 160 


90 nts 


SEQ ID NO: 726 


Polypeptide encoded by SEQ ID NO: 725 


30 aa 


SEQ ID NO: 727 


HepCla segment 161 


90 nts 


SEQ ID NO: 728 


Polypeptide encoded by SEQ ID NO: 727 


30 aa 


SEQ ID NO: 729 


HepCla segment 162 


90 nts 


SEQ ID NO: 730 


Polypeptide encoded by SEQ ID NO: 729 


30 aa 


SEQ ID NO: 731 


HepCla segment 163 


90 nts 


SEQ ID NO: 732 


Polypeptide encoded by SEQ ID NO: 731 


30 aa 


SEQ ID NO: 733 


HepCla segment 164 


90 nts 


SEQ ID NO: 734 


Polypeptide encoded by SEQ ID NO: 733 


30 aa 


SEQ ID NO: 735 


HepCla segment 165 


90 nts 


SEQ ID NO: 736 


Polypeptide encoded by SEQ ID NO: 735 


30 aa 


SEQ ID NO: 737 


HepCla segment 166 


90 nts 


SEQ ID NO: 738 


Polypeptide encoded by SEQ ID NO: 737 


30 aa 


SEQ ID NO: 739 


HepCla segment 167 


90 nts 


SEQ ID NO: 740 


Polypeptide encoded by SEQ ID NO: 739 


30 aa 


SEQ ID NO: 741 


HepCla segment 168 


90 nts 


SEQ ID NO: 742 


Polypeptide encoded by SEQ ID NO: 741 


30 aa 
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SEQIDNO:743 


HepCla segment 169 


90nts 


SEQIDNO:744 


Polypeptide encoded by SEQ DO NO: 743 


30 aa 


SEQIDNO:745 


HepCla segment 170 


90nts 


SEQ ED NO: 746 


Polypeptide encoded by SEQ ID NO: 745 


30 aa 


SEQIDNO:747 


HepCla segment 171 


90nts 


SEQ ED NO: 748 


Polypeptide encoded by SEQ ID NO: 747 


30 aa 


SEQIDNO:749 


HepCla segment 172 


90nts 


SEQ ED NO: 750 


Polypeptide encoded by SEQ ID NO: 749 


30 aa 


SEQID NO: 751 


HepCla segment 173 


90nts 


SEQ ID NO: 752 


Polypeptide encoded by SEQ ID NO: 751 


30 aa 


SEQ ID NO: 753 


HepCla segment 174 


90nts 


SEQ ED NO: 754 


Polypeptide encoded by SEQ ID NO: 753 


30 aa 


SEQ ID NO: 755 


HepCla segment 175 


90nts 


SEQ ID NO: 756 


Polypeptide encoded by SEQ ID NO: 755 


30 aa 


SEQ ED NO: 757 


HepCla segment 176 


90nts 


SEQ ID NO: 758 


Polypeptide encoded by SEQ ID NO: 757 


30 aa 


SEQ ID NO: 759 


HepCla segment 177 


90nts 


SEQ ID NO: 760 


Polypeptide encoded by SEQ ID NO: 759 


30 aa 


SEQ ID NO: 761 


HepCla segment 178 


90nts 


SEQ ID NO: 762 


Polypeptide encoded by SEQ ID NO: 761 


30 aa 


SEQ ID NO: 763 


HepCla segment 179 


90nts 


SEQ ID NO: 764 


Polypeptide encoded by SEQ ID NO: 763 


30 aa 


SEQ ID NO: 765 


HepCla segment 180 


90nts 


SEQ ID NO: 766 


Polypeptide encoded by SEQ ED NO: 765 


30 aa 
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SEQ ID NO: 767 


HepCla segment 181 


90nts 


SEQ ID NO: 768 


Polypeptide encoded by SEQ ID NO: 767 


30 aa 


SEQ ID NO: 769 


HepCla segment 182 


90nts 


SEQ ID NO: 770 


Polypeptide encoded by SEQ ID NO: 769 


30 aa 


SEQ ID NO: 771 


HepCla segment 183 


90 nts 


SEQ ID NO: 772 


Polypeptide encoded by SEQ ID NO: 771 


30 aa 


SEQ ID NO: 773 


HepCla segment 184 


90 nts 


SEQ ID NO: 774 


Polypeptide encoded by SEQ ID NO: 773 


30 aa 


SEQ ID NO: 775 


HepCla segment 185 


90 nts 


SEQ ID NO: 776 


Polypeptide encoded by SEQ ID NO: 775 


30 aa 


SEQ ID NO: 777 


HepCla segment 186 


90 nts 


SEQ ID NO: 778 


Polypeptide encoded by SEQ ID NO: 777 


30 aa 


SEQ ID NO: 779 


HepCla segment 187 


90 nts 


SEQ ID NO: 780 


Polypeptide encoded by SEQ ID NO: 779 


30 aa 


SEQ ID NO: 781 


HepCla segment 188 


90 nts 


SEQ ID NO: 782 


Polypeptide encoded by SEQ ID NO: 781 


30 aa 


SEQ ID NO: 783 


HepCla segment 189 


90 nts 


SEQ ID NO: 784 


Polypeptide encoded by SEQ ID NO: 783 


30 aa 


SEQ ID NO: 785 


HepCla segment 190 


90 nts 


SEQ ID NO: 786 


Polypeptide encoded by SEQ ID NO: 785 


30 aa 


SEQ ID NO: 787 


HepCla segment I9l 


90 nts 


SEQ ID NO: 788 


Polypeptide encoded by SEQ ID NO: 787 


30 aa 


SEQ ID NO: 789 


HepCla segment 1 92 


90 nts 


SEQ ID NO: 790 


Polypeptide encoded by SEQ ID NO: 789 


30 aa 
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SEQ ID NO: 791 


HepCla segment 193 


90nts 


SEQ ID NO: 792 


Polypeptide encoded by SEQ ID NO: 791 


30 aa 


SEQ ID NO: 793 


HepCla segment 194 


90nts 


SEQ ID NO: 794 


Polypeptide encoded by SEQ ID NO: 793 


30 aa 


SEQ ID NO: 795 


HepCla segment 195 


90 nts 


SEQ ID NO: 796 


Polypeptide encoded by SEQ ID NO: 795 


30 aa 


SEQ ID NO: 797 


HepCla segment 196 


90 nts 


SEQ ID NO: 798 


Polypeptide encoded by SEQ ID NO: 797 


30 aa 


SEQ ID NO: 799 


HepCla segment 197 


90 nts 


SEQ ID NO: 800 


Polypeptide encoded by SEQ ID NO: 799 


30 aa 


SEQIDNO: 801 


HepCla segment 198 


99 nts 


SEQ ID NO: 802 


Polypeptide encoded by SEQ ID NO: 801 


30 aa 


SEQ ID NO: 803 


HepCla segment 199 


90 nts 


SEQ ID NO: 804 


Polypeptide encoded by SEQ ID NO: 803 


30 aa 


SEQ ID NO: 805 


HepCla segment 200 


90 nts 


SEQ ID NO: 806 


Polypeptide encoded by SEQ ID NO: 805 


30 aa 


SEQ ID NO: 807 


HepCla segment 201 


45 nts 


SEQ ID NO: 808 


Polypeptide encoded by SEQ ID NO: 807 


15 aa 


« 


TT n .„ /"^* < — _,ii L 1. 1 J 

rlepu 1 a scrambled 


1 1ACC A_ 

17955 nts 


SEQ ID NO: 810 


Polypeptide encoded by SEQ ID NO: 809 


5985 aa 


SEQ ID NO: 811 


HepC Cassette A 


6065 nts 


SEQ ID NO: 812 


Polypeptide encoded by SEQ ID NO: 81 1 


2011 aa 


SEQ ID NO: 813 


HepC Cassette B 


6069 nts 


SEQ ID NO: 814 


Polypeptide encoded by SEQ ID NO: 813 


2010 aa 
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mMMiM 1 j 

i; ii ! 


qpo rn wo ri c 

OJjrV^ JLiv ri\J. Ok J 




UVJv lllo 


oiiv£ 1U XNU. 510 


VftKmonti/*D on^rJ Viir CThO TTA XT/A- QIC 

Jroiypepuae encoaea oy oJiv^ 11/ inu. oIj 


1 0O7 oa 


bEQ ID JNU: ol / 


gplOO consensus polypeptide 


ool aa 


SEQIDNO: 818 


MART consensus polypeptide 


118 aa 


C»"C A TA XT/A- 01 A 

SEQ ID NO: 819 


'I'll T% *l — . - - --■ r, an n-» 1 ni - _ 1 _ _ . A. * — 

iRP-l consensus polypeptide 


248 aa 


SEQ ID NO: 820 


Tyros consensus polypeptide 


529 aa 


SEQIDNO: 821 


TRP2 consensus polypeptide 


CIA 

519 aa 


SEQ ID NO: 822 


MC1R consensus polypeptide 


317 aa 


OTA TT> VTA O^O 

SEQ ID NO: 823 


MUC1F consensus polypeptide 


125 aa 


OTA TT\ \T/% >4 

SEQ ID NO: 824 


MUC1R consensus polypeptide 


312 aa 


PPA TA VTA. C 

SEQ ID NO: 825 


BAGE consensus polypeptide 


43 aa 


nT?A T"A \TA. OOZ" 

SEQ ID NO: 826 


CjACjE-1 consensus polypeptide 


138 aa 


pTJA TT"\ VTA. C*T 

SEQ ID NO: 827 


gpl00In4 consensus polypeptide 


51 aa 


pTJA TT\ XT/A. OOO 

ISEQ ID NO: 828 


MAGE-1 consensus polypeptide 


O AA 

309 aa 


PDA TT*\ VTA. OOO 


MALrJi- 3 consensus poiypeptiae 


^14 aa 


ODy LLf INVJ. oju 


rtsjxnriiz consensus poiypepuoe 


CAQ 00 

jv7 aa 


QTJA TT*\ XT A. OO 1 


xivrzuNZ consensus polypeptide 


54 aa 




in i iNovyid consensus poiypepiiuc 


IOU da 


SRO ID NO* 833 


NYMSOlh nnTicpnciic nnlvnentide 


58 aa 


SEQIDNO: 834 


LAGE1 consensus polypeptide 


180 aa 


SEQIDNO: 835 


gplOO segment 1 


90nts 


SEQIDNO: 836 


Polypeptide encoded by SEQ ID NO: 835 


30 aa 


SEQIDNO: 837 


gplOO segment 2 


90nts 


SEQIDNO: 838 


Polypeptide encoded by SEQ ID NO: 837 


30 aa 



WO 01/090197 



PCT/AU01/00622 



-52 




*2FO TD NO- 


gpi UU aCgllieill J) 


On ntc 

y\j nis 




Jroiypepiiae encoaea oy ohq id jnu. o J9 


ju aa 


oCV^ JUL' NU. o41 


gpiuu segment 4 


A A 

9U nts 




roiypepuue encoaea by oliQ id nu. o41 


JU aa 


dUQ ID NU. o43 


gpiuu segment j 


90 nts 


CCA rr\ X1W CMvl 

■SiiQ ID NU. 844 


Polypeptide encoaea by SEQ ID NO: 843 


">A 

30 aa 


ourv nr\ XTW OA c 

oEQ ID NU: 545 


- "1 f\C\ A £ 

gplUU segment o 


90 nts 


C*T?/-\ TT\ X1W OA£. 

bbQ *D NU: o4o 


Polypeptide encoaea by SEQ ID NO: 845 


30 aa 


kHQ ID NU. 847 


gplUU segment 7 


90 nts 


c>EQ ID NU: o4o 


T\ t j' .I _ ^ _ J _ J I OTJA TT"* VIA. Qin 

Polypeptide encoded by SEQ ID NO: 847 


30 aa 


■SbQ ID NU: 849 


gplUU segment 8 


90 nts 


C"C/"* TT\ XT/"*. OCA 

ISiSQ -LD NU: oDU 


Polypeptide encoded by SEQ ID NO: 849 


30 aa 


oiiQ ID NU. oM 


gpiuu segment 9 


90 nts 




D<\1im<Ml4lflAi OMAA/ln/] L.. Ct?A TP\ XT/~\. Of 1 

polypeptide encoaea by ojdQ ID jnu: od l 


3U aa 


<2FO rn MO- R« 

OXZ<\^ JUL/ liVJ. OJJ 


cm 1 AA c£»crrv» c*r\t 1 O 

gp JLvA/ begmeni iu 


on ntc 

nis [ 


OX>V^ XXJ iHKJ. OJ4 


x oiypepuae encoaea oy ojcv^ jul/ inw. ojj 


ju aa 


cpn TH MO- fl« 

uEy JUL/ INw. oJJ 


gp i uu segment 1 1 


OA nfc 

y\j nts 


<5FO TD NO- RSfi 


jruiypcpuue eui/Uueu py ojz»v^ uu/ jvn^. ojj 


JU aa 


SEO ID NO- 857 


pdIOO sepmpnt 17 


17 V/ IJU> 


SEQIDNO: 858 


Polypeptide encoded by SEQ ID NO: 857 


30 aa 


SEQIDNO: 859 


gplOO segment 13 


90 nts 


SEQIDNO: 860 


Polypeptide encoded by SEQ ID NO: 859 


30 aa 


SEQIDNO: 861 


gplOO segment 14 


90 nts 


SEQIDNO: 862 


Polypeptide encoded by SEQ ID NO: 861 


30 aa 
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ocQ ID JSU: oo3 


gpluu segment 15 


Art «in 

yy) nts 


SEQ ID NO: 864 


Polypeptide encoded by SEQ ID NO: 863 


30 aa 


SEQ ID NO: 865 


gplOO segment 16 


90 nts 


SEQ ID NO: 866 


Polypeptide encoded by SEQ ID NO: 865 


30 aa 


SEQ ID NO: 867 


gplOO segment 17 


90 nts 


SEQ ID NO: 868 


Polypeptide encoded by SEQ TD NO: 867 


30 aa 


SEQ ID NO: 869 


^)100 segment 18 


90 nts 


SEQ ID NO: 870 


Polypeptide encoded by SEQ ID NO: 869 


30 aa 


SEQ ID NO: 871 


gplOO segment 19 


90 nts 


SEQ ID NO: 872 


Polypeptide encoded by SEQ ID NO: 871 


30 aa 


SEQ ID NO: 873 


gplOO segment 20 


90 nts 


SEQ ID NO: 874 


Polypeptide encoded by SEQ ID NO: 873 


30 aa 


SEQ ID NO: 875 


gp 100 segment 21 


90 nts 


SEQ ID NO: 876 


Polypeptide encoded by SEQ ID NO: 875 


30 aa 


SEQ ID NO: 877 


gplOO segment 22 


90 nts 


pp/\ ttv XT/A- 0*70 

SEQ ID NO: 878 


T*— 1- j ' | ,, J^J 1 OT7/A TT\ XT/A- OT7 

Polypeptide encoded by SEQ ID NO: 877 


30 aa 


OT7/A TT\ XT/A. 0*7A 

5>liQ ID NO: 879 


gplOO segment 23 


90 nts 


OT7/A TTA \TA. OOA 

SEQ ID NO: 880 


Polypeptide encoded by SEQ ID NO: 879 


30 aa 


oJil^ WLI. oo 1 


gpiuu segment z4 


OH nfo 

>u nis 


SEQ ID NO: 882 


Polypeptide encoded by SEQ ID NO: 881 


30 aa 


SEQ ID NO: 883 


gplOO segment 25 


90 nts 


SEQ ID NO: 884 


Polypeptide encoded by SEQ ID NO: 883 


30 aa 


SEQ ID NO: 885 


gplOO segment 26 


90 nts 


SEQ ID NO: 886 


Polypeptide encoded by SEQ ID NO: 885 


30 aa 
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1 WQ&gi€I&; 
1 M/MiMIh 




I 1 

i; ! 

; i 


CDA TT\ XTA- 0Q7 
oCy JUL/ INvF. OO / 


gp i uu segment z / 


Oft rite 

y\) ms 


OTJA T|-k XTA. OOQ 

aiiQ 11J NU: OOO 


Polypeptide encoded by fcjbQ ID NU: 00/ 


30 aa 


OCA TT\ XTA. o on 

Miv? ID NU: oo9 


gpl UU segment 28 


90nts 


ot?a tt\ xirv. onn 

bbQ ID NO: 890 


Polypeptide encoded by SbQ ID NU: oo9 


30 aa 


SEQ ID NO: 891 


gplOO segment 29 


90nts 


SEQ ID NO: 892 


Polypeptide encoded by SEQ ID NO: 89 1 


30 aa 


SEQ ID NO: 893 


gplOO segment 30 


90nts 


SEQ ID NO: 894 


Polypeptide encoded by SEQ ID NO: 893 


30 aa 


SEQ ID NO: 895 


gplOO segment 31 


90nts 


SEQ ID NO: 896 


Polypeptide encoded by SEQ ID NO: 895 


30 aa 


SEQ ID NO: 897 I 


gplOO segment 32 


90nts 


SEQ ID NO: 898 


Polypeptide encoded by SEQ ID NO: 897 


30 aa 


SEQ ID NO: 899 


g)100 segment 33 


90nts 


OT?/"^ TF\ XTA. AAA 

bbQ ID NO: 900 


Polypeptide encoded by bbQ ID NO: 899 


30 aa 


OT3A TT\ XTA. AA1 

ISriQ ID WU: 9U1 


gpl uu segment 34 


yu nts 


cua m xta. ono 


DaIiimam^i'/Ia M^JaJ CCA TP* XTA* OA1 

Polypeptide encoded by ohKl ID NU: 9UI 


1A on 

3U aa 


or,\l ID WU: VU3 


gpiuu segment 33 


AA «4-*t 

9U nts 




r oiypepnae encoaea oy ocv^ id inu. yuj 


3U aa 




crrx 1 Aft cpompnt ^ A 

gpiuu acgniciii ->o 




SEQ ID NO: 906 


Polypeptide encoded by SEQ ID NO: 905 


30 aa 


SEQ E> NO: 907 


gplOO segment 37 


90 nts 


SEQ ID NO: 908 


Polypeptide encoded by SEQ ID NO: 907 


30 aa 


SEQ ID NO: 909 


gplOO segment 38 


90 nts 


SEQ ID NO: 910 


Polypeptide encoded by SEQ ID NO: 909 


30 aa 
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1 WStLWKz. 

1 M&m 


•I 


1 i 


SEQIDNO: 91 1 


gplOO segment 39 


90nts 


SEQIDNO: 912 


Polypeptide encoded by SEQ ID NO: 911 


30 aa 


SEQIDNO: 913 


gplOO segment 40 


90nts 


SEQ ID NO: 914 


Polypeptide encoded by SEQ ID NO: 913 


30 aa 


SEQ ID NO: 915 


gplOO segment 41 


90nts 


SEQIDNO: 916 


Polypeptide encoded by SEQ ID NO: 915 


30 aa 


SEQIDNO: 917 


gplOO segment 42 


90nts 


SEQIDNO: 918 


Polypeptide encoded by SEQ ID NO: 917 


30 aa 


SEQIDNO: 919 


gplOO segment 43 


90nts 


SEQ ID NO: 920 


Polypeptide encoded by SEQ ID NO: 919 


30 aa 


SEQ ID NO: 921 


gplOO segment 44 


60nts 


SEQIDNO: 922 


Polypeptide encoded by SEQ ID NO: 921 


20 aa 


SEQ ID NO: 923 


MART segment 1 


90nts 


SEQ ID NO: 924 


Polypeptide encoded by SEQ ID NO: 923 


30 aa 


SEQ ID NO: 925 


MART segment 2 


90nts 


OPA TT% VTA /V*^ - 

SEQ ID NO: 926 


Polypeptide encoded by SEQ ID NO: 925 


30 aa j 


SEQ ID NO: 927 


MART segment 3 


90nts 


SEQ ID NO: 928 


Polypeptide encoded by SEQ ID NO: 927 


30 aa 




jvlaxi segment 4 


y\) nts 


SEQ ID NO: 930 


Polypeptide encoded by SEQ ID NO: 929 


30 aa 


SEQ ID NO: 931 


MART segment 5 


90 nts 


SEQ ID NO: 932 


Polypeptide encoded by SEQ ID NO: 931 


30 aa 


SEQ ID NO: 933 


MART segment 6 


90 nts 


SEQ ID NO: 934 


Polypeptide encoded by SEQ ID NO: 933 j 


30 aa 
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<?FO TH MO- 015 


MA TOT cpompnt 7 


00 ntc 
y\j ii to 


wo rn xro o^£ 


roiypepuae encoaea oy onv^ id xnui. yj j 


jU 3d. 


qi«o tti xro- 017 

oE\c *D *^U. 9 J / 


jylajvi segment o 


di nts 


CCA TT\ xt/y 01 SI 
OE\<J *D WU. 9Jo 


roiypepnae encoaea oy c>e\i id sskj. 93 i 


1 7 

i / aa 


any id inu. yjy 


trp-i segment 1 


OA ntr 

9U nts 


OT?/^ rpv xt/~\. a>i a 

hhKi m wu. 940 


Polypeptide encoaea by ID NU: 939 


3U aa 


bisQ ID MU: 941 


4, ,, f ..... _n_ -1* O 

trp-1 segment/ 


90 nts 


Miv^ JLU NU. 94z 


.Polypeptide encoaea by hnxi ID NU: 941 


30 aa 


%>eA± ID MU: 943 


trp-1 segment 3 


90 nts 


CTJA TT\ XT/^\. A>l>f 

bliQ ID JNU: 5/44 


roiypepnae encoaea by aiiQ ID NU: 943 


OA 

30 aa 


CCA TTl XT/V C\AQ 

biiy id inu: 94d 


trp-1 segment 4 


90 nts 


CD A TT* XT A- A/l/C 

bbv£ ID NU. 94o 


D/\1«fMAn^yla <HtAA<l/ul L _ , OTJA TTV XT/V A/I C 

roiypepnae encoded by o-bQ ID NU: 945 


OA 

30 aa 


oe\£ ID NU. 94/ 


trp-1 segment 5 


AA «ln 

90 nts 




roiypepnae encoaea oy id xnu. 


OA 

jo aa 


wo rn wo- 040 


up- 1 segment o 


OA ntc 

5rU nis 


cpn m mo- o^n 


roiypcpuue encoaea oy or»v^ ul/ inva y**? 


ju aa 


WO TTl NO- 051 

OCy JUL/ INU. 7J 1 


f-i-r*_1 epommt 7 
up-1 oCgilldlt / 


On ntc 


cpn TD NO- OS? 




ju da 


SEO K) NO- 953 


trn-1 sepment 8 


90 nts 


SEQ ID NO: 954 


Polypeptide encoded by SEQ ID NO: 953 


30 aa 


SEQIDNO:955 


trp-1 segment 9 


90 nts 


SEQ ID NO: 956 


Polypeptide encoded by SEQ ID NO: 955 


30 aa 


SEQ ID NO: 957 


trp-1 segment 10 


90 nts 


SEQ ID NO: 958 | 


Polypeptide encoded by SEQ ID NO: 957 


30 aa 
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SEQE>NO:959 


trp-1 segment 11 


90nts 


SEQ ID NO: 960 


Polypeptide encoded by SEQ ID NO: 959 


30 aa 


SEQ ID NO: 961 


trp-1 segment 12 


90nts 


SEQ ID NO: 962 


Polypeptide encoded by SEQ ID NO: 961 


30 aa 


SEQIDNO:963 


trp-1 segment 13 


90nts 


SEQIDNO:964 


Polypeptide encoded by SEQ ID NO: 963 


30 aa 


SEQIDNO:965 


trp-1 segment 14 


90nts 


SEQ ID NO: 966 


Polypeptide encoded by SEQ ID NO: 965 


30 aa 


SEQIDNO:967 


trp-1 segment 15 


90nts 


SEQIDNO: 968 


Polypeptide encoded by SEQ ID NO: 967 


30 aa 


SEQ ID NO: 969 


trp-1 segment 16 


81 nts 


SEQIDNO: 970 


Polypeptide encoded by SEQ ID NO: 969 


27 aa 


SEQ ID NO: 971 


tyros segment 1 


90 nts 


SEQ ID NO: 972 


Polypeptide encoded by SEQ ID NO: 971 


30 aa 


SEQ ID NO: 973 


tyros segment 2 


90 nts 


SEQIDNO: 974 


Polypeptide encoded by SEQ ID NO: 973 


30 aa 


SEQIDNO: 975 


tyros segment 3 


90 nts 


SEQ ID NO: 976 


Polypeptide encoded by SEQ ID NO: 975 


30 aa 


SEQ ID NO: 977 


tyros segment 4 


90 nts 


SEQIDNO: 978 


Polypeptide encoded by SEQ ID NO: 977 


30 aa 


SEQ ID NO: 979 


tyros segment 5 


90 nts 


SEQIDNO: 980 


Polypeptide encoded by SEQ ID NO: 979 


30 aa 


SEQ ID NO: 981 


tyros segment 6 


90 nts 


SEQIDNO: 982 


Polypeptide encoded by SEQ ID NO: 981 


30 aa 
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i 




!i 
i, 

ij 


bbKl ID NU: 983 


tyros segment 7 


90nts 


SEQ ID NO: 984 


Polypeptide encoded by SEQ ID NO: 983 


30 aa 


SEQ ID NO: 985 


tyros segment 8 


90nts 


SEQ ID NO: 986 


Polypeptide encoded by SEQ ID NO: 985 


30 aa 


SEQ ID NO: 987 


tyros segment 9 


90 nts 


SEQ ID NO: 988 


Polypeptide encoded by SEQ ID NO: 987 


30 aa 


SEQ ID NO: 989 


tyros segment 10 


90 nts 


SEQ ID NO: 990 . 


Polypeptide encoded by SEQ ID NO: 989 


30 aa 


SEQ ID NO: 991 


tyros segment 11 


90 nts 


SEQ ID NO: 992 


Polypeptide encoded by SEQ ID NO: 991 


30 aa 


SEQ ID NO: 993 


tyros segment 12 


90 nts 


SEQ ID NO: 994 


Polypeptide encoded by SEQ ID NO: 993 


30 aa 


SEQ ID NO: 995 


tyros segment 13 


90 nts 


SEQ ID NO: 996 


Polypeptide encoded by SEQ ID NO: 995 


30 aa 


SEQ ID NO: 997 


tyros segment 14 


90 nts 


SEQ ID NO: 998 


Polypeptide encoded by SEQ ID NO: 997 


30 aa 


OT7/A TTN XT/A. Ann 

SliQ ID NO: 999 


tyros segment 15 


90 nts 


ccn m xt/*v i Ann 
!ybQ ID NO: lUuU 


Polypeptide encoded by SEQ ID NO: 999 


30 aa 


SEQ ID NO: 1001 


tyros segment 16 


90 nts 


SEQ ID NO: 1002 


Polypeptide encoded by SEQ ID NO: 1001 


30 aa 


SEQ ID NO: 1003 


tyros segment 17 


90 nts 


SEQ ID NO: 1004 


Polypeptide encoded by SEQ ID NO: 1003 


30 aa 


SEQ ID NO: 1005 


tyros segment 18 


90 nts 


SEQ ID NO: 1006 


Polypeptide encoded by SEQ ID NO: 1005 


30 aa 
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SEQ ID NO: 1007 


tyros segment 19 


90 nts 


SEQ ID NO: 1008 


Polypeptide encoded by SEQ ID NO: 1007 


30 aa 


SEQ ID NO: 1009 


tyros segment 20 


90 nts 


SEQ ID NO: 1010 


Polypeptide encoded by SEQ ID NO: 1009 


30 aa 


SEQ ID NO: 1011 


tyros segment 21 


90 nts 


SEQ ID NO: 1012 


Polypeptide encoded by SEQ ID NO: 101 1 


30 aa 


SEQ ID NO: 1013 


tyros segment 22 


90 nts 


SEQ ID NO: 1014 


Polypeptide encoded by SEQ ID NO: 1013 


30 aa 


SEQ ID NO: 1015 


tyros segment 23 


90 nts 


SEQ ID NO: 1016 


Polypeptide encoded by SEQ ID NO: 1015 


30 aa 


SEQ ID NO: 1017 


tyros segment 24 


90 nts 


SEQ ID NO: 1018 


Polypeptide encoded by SEQ ID NO: 1017 


30 aa 


SEQ ID NO: 1019 


tyros segment 25 


90 nts 


SEQIDNO: 1020 


Polypeptide encoded by SEQ ID NO: 1019 


30 aa 


SEQ ID NO: 1021 


tyros segment 26 


90 nts 


SEQIDNO: 1022 


Polypeptide encoded by SEQ ID NO: 1021 


30 aa 


SEQ ID NO: 1023 


tyros segment 27 


90 nts 


SEQ ID NO: 1024 


Polypeptide encoded by SEQ ID NO: 1023 


30 aa 


SEQ ID NO: 1025 


tyros segment 28 


90 nts 


SEQIDNO: 1026 


Polypeptide encoded by SEQ ID NO: 1025 


30 aa 


SEQIDNO: 1027 


tyros segment 29 


90 nts 


SEQIDNO: 1028 


Polypeptide encoded by SEQ ID NO: 1027 


30 aa \ 


SEQIDNO: 1029 


tyros segment 30 


90 nts 


SEQIDNO: 1030 


Polypeptide encoded by SEQ ID NO: 1029 


30 aa 
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SEQIDNO: 1031 


tyros segment 3 1 


90nts 


SEQIDNO: 1032 


Polypeptide encoded by SEQ ID NO: 1031 


30 aa 


SEQIDNO: 1033 


tyros segment 32 


90nts 


SEQIDNO: 1034 


Polypeptide encoded by SEQ ID NO: 1033 


30 aa 


SEQIDNO: 1035 


tyros segment 33 


90nts 


SEQIDNO: 1036 


Polypeptide encoded by SEQ ID NO: 1035 


30 aa 


SEQ ID NO: 1037 


tyros segment 34 


90nts 


SEQIDNO: 1038 


Polypeptide encoded by SEQ ID NO: 1037 


30 aa 


SEQIDNO: 1039 


tyros segment 35 


69nts 


SEQIDNO: 1040 


Polypeptide encoded by SEQ ID NO: 1039 


23 aa 


SEQIDNO: 1041 


trp2 segment 1 


90nts 


SEQIDNO: 1042 


Polypeptide encoded by SEQ ID NO: 1041 


30 aa 


SEQIDNO: 1043 


trp2 segment 2 


90nts 


SEQIDNO: 1044 


Polypeptide encoded by SEQ ID NO: 1043 


30 aa 


SEQIDNO: 1045 


trp2 segment 3 


90nts 


SEQIDNO: 1046 


Polypeptide encoded by SEQ ID NO: 1045 


30 aa 


SEQIDNO: 1047 


trp2 segment 4 


90 nts 


SEQIDNO: 1048 


Polypeptide encoded by SEQ ID NO: 1047 


30 aa 


SEQIDNO: 1049 


trp2 segment 5 


90 nts 


SEQIDNO: 1050 


Polypeptide encoded by SEQ ID NO: 1049 


30 aa 


SEQIDNO: 1051 


trp2 segment 6 


90 nts 


SEQIDNO: 1052 


Polypeptide encoded by SEQ ID NO: 1 05 1 


30 aa 


SEQIDNO: 1053 


trp2 segment 7 


90 nts 


SEQIDNO: 1054 


Polypeptide encoded by SEQ ID NO: 1053 


30 aa 
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I 


i i 

!' * 


obQ ID NO: 1055 


trpz segment o 


y[) nts 


SEQ ID NO: 1056 


Polypeptide encoded by SEQ ID NO: 1055 


1A ~~ 

30 aa 


SEQ ID NO: 1057 


trp2 segment 9 


90 nts 


SEQ ID NO: 1058 


Polypeptide encoded by SEQ ID NO: 1057 


30 aa 


SEQ ID NO: 1059 


trp2 segment 10 


90 nts 


SEQ ID NO: 1060 


Polypeptide encoded by SEQ ID NO: 1059 


30 aa 


SEQ ID NO: 1061 


trp2 segment 1 1 


90 nts 


SEQ ID NO: 1062 


Polypeptide encoded by SEQ ID NO: 1061 


30 aa 


SEQ ID NO: 1063 


trp2 segment 12 


90 nts 


SEQ ID NO: 1064 


Polypeptide encoded by SEQ ID NO: 1063 


30 aa 


SEQ ID NO: 1065 


trp2 segment 13 


90 nts 


SEQ ID NO: 1066 


Polypeptide encoded by SEQ ED NO: 1065 


30 aa 


SEQ ID NO: 1067 


trp2 segment 14 


90 nts 


SEQ ID NO: 1068 


Polypeptide encoded by SEQ ID NO: 1067 


30 aa 


OT7A TT> XTr\ 1 A^"f\ 

SEQ ID NO: 1069 


trp2 segment 15 


90 nts 


OT7/"V TT*V "VT/"\. 1 ATA 

SEQ ID NO: 1070 


Polypeptide encoded by oEQ ID NO: 1069 


30 aa 


SEQ ID NO: 1071 


trpz segment lo 


90 nts 


ct?rv tpv xt/'V i AT'} 
bbQ ID NU: 1U7Z 


Polypeptide encoded by oh\l ID INU: 1U / 1 


30 aa 


oHV£ 1L/ INVJ. 1U/ J 


trpz segment i / 


OH ntc 

nis 


SEQ ID NO: 1074 


Polypeptide encoded by SEQ ID NO: 1073 


30 aa 


SEQ ID NO: 1075 


trp2 segment 18 


90 nts 


SEQ ID NO: 1076 


Polypeptide encoded by SEQ ID NO: 1075 


30 aa 


SEQ ID NO: 1077 


trp2 segment 19 


90 nts 


SEQ ED NO: 1078 


Polypeptide encoded by SEQ ID NO: 1077 


30 aa 
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1 mg^-rcwm 




ii ! 

ii j 


ohKl ID nu. iu/y 


trpz segment zU 


90nts 


SEQIDNO: 1080 


Polypeptide encoded by SEQ ID NO: 1079 


30 aa N 


SEQIDNO: 1081 


trp2 segment 21 


90nts 


SEQID NO: 1082 


Polypeptide encoded by SEQ ID NO: 1081 


30 aa 


SEQ ID NO: 1083 


trp2 segment 22 


90nts 


SEQIDNO: 1084 


Polypeptide encoded by SEQ ID NO: 1083 


30 aa 


SEQ ID NO: 1085 


trp2 segment 23 


90nts 


SEQIDNO: 1086 


Polypeptide encoded by SEQ ID NO: 1085 


30 aa 


SEQIDNO: 1087 


trp2 segment 24 


90 nts 


SEQIDNO: 1088 


Polypeptide encoded by SEQ ID NO: 1087 


30 aa 


SEQ ID NO: 1089 


trp2 segment 25 


90 nts 


SEQIDNO: 1090 


Polypeptide encoded by SEQ ID NO: 1 089 


30 aa 


SEQIDNO: 1091 


trp2 segment 26 


90 nts 


SEQIDNO: 1092 


Polypeptide encoded by SEQ ID NO: 1091 


30 aa 


SEQIDNO: 1093 


trp2 segment 27 


90 nts 


SEQ ID NO: 1094 


Polypeptide encoded by SEQ ID NO: 1093 


30 aa 


OT7/~\ rr\ XT/""V- 1 AOC 

biiQ ID MU: 1095 


trpz segment 28 


90 nts 


CT70 TT\ XJ/V 1 AQ/C 


roJypepnae encoded by olsQ ID NO: 1095 


30 aa 




trpz segment z" 


OH nfp 

nts 


SEQIDNO: 1098 


Polypeptide encoded by SEQ ID NO: 1097 


30 aa 


SEQIDNO: 1099 


trp2 segment 30 


90 nts 


SEQIDNO: 1100 


Polypeptide encoded by SEQ ID NO: 1099 


30 aa 


SEQIDNO: 1101 


trp2 segment 31 


90 nts 


SEQIDNO: 1102 


Polypeptide encoded by SEQ ID NO: 1 101 


30 aa 
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SEQIDNO: 1103 


trp2 segment 32 


90 nts 


SEQIDNO: 1104 


Polypeptide encoded by SEQ ID NO: 1 103 


30 aa 


SEQIDNO: 1105 


trp2 segment 33 


90 nts 


SEQIDNO: 1106 


Polypeptide encoded by SEQ ID NO: 1 105 


30 aa 


SEQIDNO: 1107 


tip2 segment 34 


84 nts 


SEQIDNO: 1108 


Polypeptide encoded by SEQ ID NO: 1 107 


28 aa 


SEQIDNO: 1109 


MC1R segment 1 


90 nts 


SEQIDNO: 1110 


Polypeptide encoded by SEQ ID NO: 1 109 


30 aa 


SEQIDNO: 1111 


MC1R segment 2 


90 nts 


SEQIDNO: 1112 


Polypeptide encoded by SEQ ID NO: 1111 


30 aa 


SEQIDNO: 1113 


MC1R segment 3 


90 nts 


SEQIDNO: 1114 


Polypeptide encoded by SEQ ID NO: 1 1 13 


30 aa 


SEQIDNO: 1115 


MC1R segment 4 


90 nts 


SEQIDNO: 1116 


Polypeptide encoded by SEQ ID NO: 1 1 15 


30 aa 


SEQIDNO: 1117 


MC1R segment 5 


90 nts 


SEQIDNO: 1118 


Polypeptide encoded by SEQ ID NO: 1117 


30 aa 


SEQIDNO: 1119 


MC1R segment 6 


90 nts 


SEQIDNO: 1120 


Polypeptide encoded by SEQ ID NO: 1 1 19 


30 aa 


SEQIDNO: 1121 


MC1R segment 7 


90 nts 


SEQIDNO: 1122 


Polypeptide encoded by SEQ ID NO: 1121 


30 aa 


SEQIDNO: 1123 


MC1R segment 8 


90 nts 


SEQIDNO: 1124 


Polypeptide encoded by SEQ ID NO: 1 1 23 


30 aa 


SEQIDNO: 1125 


MC1R segment 9 


90 nts 


SEQIDNO: 1126 


Polypeptide encoded by SEQ ED NO: 1 125 


30 aa 
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cpn TTI "MO- 1 1 T7 

oiiv£ 11/ INU. llz/ 


ml i k segment l u 


90 nts 


OTJO. TT>, TU/V 1 1 TO 

oHQ ID INU. HZo 


Polypeptide encoded by SEQ ID NO: 1 127 


30 aa 


OTJA TTv XTY"\. 1 1 Oft 

MiQIDNU: 1121/ 


V /A -| TV j t -1 

MCIR segment 11 


90 nts 


ofcQ ID NU. 1 13U 


Tl _ t_ a.' -l i _ j v _ _ nrjA nrv vta 1 </>a 

Folypeptide encoded by SEQ ID NO: 1 129 


30 aa 


C*T?/"\ TT\ XT/"V. 1 I'll 

SEQIDNO: 1131 


V _X_t~* 1 T"> _ x 1 A 

MCIR segment 12 


90 nts 


pt7A 1TV VTA. 1 1 

SEQIDNO: 1132 


Polypeptide encoded by SEQ ID NO: 1131 


30 aa 


ClTy/'N 1 1\ VTA. 1 1 «V«* 

SEQID NO: 1133 


V f Al T> A •% 

MCIR segment 13 


90 nts 


n«A TTV VTA 1 ■% 1 A 

SEQIDNO: 1134 


Polypeptide encoded by SEQ ID NO: 1 133 


30 aa 


OT"»X"V TT\ VTA ^- 

SEQIDNO: 1135 


MCIR segment 14 


90 nts 


SEQIDNO: 1136 


Polypeptide encoded by SEQ ID NO: 1 135 


30 aa 


pTj/\ TTV \TA. T lOT 

SEQIDNO: 1137 


i#Ain a. ■% r 

MCIR segment 15 


90 nts 


OT"?/"\ Y"A VTA 1 1 *> O 

SEQIDNO: 1138 


Polypeptide encoded by SEQ ID NO: 1 137 


30 aa 


PT?/\ TTV VTA. 1 lOA 

SEQIDNO: 1139 


MCIR segment 16 


90 nts 


CI3A TT\ XT/"\. 1 1 Af\ 

5>r£Q ID NO: 1 140 


"Pv _ 1 a* -1 _ . 1 .1 1 OPA TTV VTA 1 -t *%t\ 

Polypeptide encoded by SEQ ID NO: 1 1 39 


30 aa 


PTJA TA XT/'V 1 1 A 1 

oliQ ID NU. 1 141 


MCIR segment 17 


90 nts 


CDA TTV Xjr\. 1 1 >f0 

oHy ID INU. 1 14Z 


D/\Kmnnf^/lr> n.-^%n^At-.A 1*. m PEA TTX VTA. 1 1 i 1 

roiypepuae encoded by ofcQ ID NO: 1141 


30 aa 


or? a ta xj/V 1 1 A'X 
jHy JLLJ INU. 1 I*rJ 


ml IK segment 1 o 


90 nts 


cpr\ rn xrn- 1 1 aa 


roiypepuae encoaea oy oc\i ID NU: 1 143 


30 aa 


SEO ID NO- 1 145 


MCIR segment 10 


OH ntc 

y\j nis 


SEQIDNO: 1146 


Polypeptide encoded by SEQ ID NO: 1 145 


30 aa 


SEQIDNO: 1147 


MCIR segment 20 


90 nts 


SEQIDNO: 1148 


Polypeptide encoded by SEQ ID NO: 1 147 


30 aa 


SEQIDNO: 1149 


MCIR segment 21 


63 nts 


SEQIDNO: 1150 


Polypeptide encoded by SEQ ID NO: 1 149 


21 aa 
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j r " " "■ - " " """" " — 


I 1 ; 
!! - i 


SEQIDNO: 1151 


MUC1F segment 1 


90 nts 


SEQIDNO: 1152 


Polypeptide encoded by SEQ ID NO: 1151 


30 aa 


SEQIDNO: 1153 


MUC IF segment 2 


90 nts 


SEQIDNO: 1154 


Polypeptide encoded by SEQ ID NO: 1 153 


30 aa 


SEQ ED NO: 1155 


MUC1F segment 3 


90 nts 


SEQIDNO: 1156 


Polypeptide encoded by SEQ ID NO: 1 155 


30 aa 


SEQIDNO: 1157 


MUC1F segment 4 


90 nts 


SEQIDNO: 1158 


Polypeptide encoded by SEQ ID NO: 1 157 


30 aa 


SEQIDNO: 1159 


MUC1F segment 5 


90 nts 


SEQIDNO: 1160 


Polypeptide encoded by SEQ ID NO: 1 159 


30 aa 


SEQIDNO: 1161 


MUC1F segment 6 


90 nts 


SEQIDNO: 1162 


Polypeptide encoded by SEQ ID NO: 1 161 


30 aa 


SEQIDNO: 1163 


MUC1F segment 7 


90 nts 


SEQIDNO: 1164 


Polypeptide encoded by SEQ ID NO: 1 163 


30 aa 


SEQIDNO: 1165 


MUC1F segment 8 


72 nts 


SEQIDNO: 1166 


Polypeptide encoded by SEQ ID NO: 1 165 


24 aa 


SEQIDNO: 1167 


MUC1R segment 1 


90 nts 


SEQIDNO: 1168 


Polypeptide encoded by SEQ ID NO: 1 167 


30 aa 


OCA TT\ VTfV. 1 1 iTA 

afcQ ID NO: 1 loy 


1 JTT/ , 11T| _ . _ a. ^ 

MUCIR segment 2 


90 nts 


SEQ ID NO: 1170 


Polypeptide encoded by SEQ ID NO: 1 169 


30 aa 


SEQIDNO: 1171 


MUCIR segment 3 


90 nts 


SEQIDNO: 1172 


Polypeptide encoded by SEQ ED NO: 1 171 


30 aa 


SEQIDNO: 1173 


MUCIR segment 4 


90 nts 


SEQIDNO: 1174 


Polypeptide encoded by SEQ ID NO: 1 173 


30 aa 



WO 01/090197 



PCT/AU01/00622 



-66- 




<2T?n TT> MO* 1 1 75 




yyj HIS 


ctja tt\ xrfV 1 1 nc 
£>E,Kl ID JNU. XI IO 


.roiypepnae encoaea oy ocQ ID imu. 11/3 


JU aa 


orSQ ID JNU. 11// 


mucik segment 0 


yu nts 


ISliQ ID NU: 1 1 /O 


Polypeptide encoaea by bfcQ ID NU: 11/7 


30 aa 


SEQ ID NO: 1179 


MUCIR segment 7 


90 nts 


OTT?^~V TT\ \TA. 1 1 OA 

SEQ ID NO: 1180 


T>_t j" J_ _ t I t Of!A TT\ VTA. 1 1 <^0 

Polypeptide encoded by SEQ ID NO: 1 179 


30 aa 


SEQ ID NO: 1181 


MUCIR segment 8 


90 nts 


OT?y"% TT\ VT/\ 1 1 0*X 

SEQ ID NO: 1182 


TV-.t a * J _ 1 ^ J 1 C1T~*/~\ II V VTA. 1 1 Ol 

Polypeptide encoded by SEQ ID NO: 1181 


OA 

30 aa 


SEQ ID NO: 1183 


MUCIR segment 9 


AA a. 

90 nts 


CIT^VV TT> \TA 1 1 O A 

SEQ ID NO: 1184 


■fk^t j* J 1 J 1 . OT?A TT'\ "V TAX -| 1 Ol 

Polypeptide encoded by SEQ ID NO: 1 183 


30 aa 


npA TT"V VTA 1 1 Of 

SEQ ID NO: 1185 


MUCIR segment 10 


OA a 

90 nts 


SEQ ID NO: 1186 


j _ j i nrA n~\ via. t i of 

Polypeptide encoded by SEQ ID NO: 1185 


30 aa 


CCA ¥T\ XT*"*.. 1 1 0*7 

JSEQ ID NU: 1 1 o / 


MUCIR segment 11 


A A 

9U nts 


oEQ ID NO: 1 loo 


Polypeptide encoaea by 5>rQ ID NO: 1 1 87 


30 aa 


oiiV^ ID JNU. 1 1 07 


MUtiK segment iz 


yo nts 


tti xrfv 1 1 on 


Jroiypepnae encoaea oy oEvi iu nkj. i ioy 


jo aa 


cpn rn xio* 1 1 oi 

oHy ID £HkJ. i iyi 


jvlu^ i iv segment xj 


yu nts 


oliy JUL/ INv-r. 1 iyz 


ir oiypepuae encoaea oy ony il/ inl/. i iy i 


ju aa 


^FOIDNO- 1193 




00 ntc 
y\j liio 


SEQ ID NO: 1194 


Polypeptide encoded by SEQ ID NO: 1 1 93 


30 aa 


SEQ ID NO: 1195 


MUCIR segment 15 


90 nts 


SEQ ID NO: 1196 


Polypeptide encoded by SEQ ID NO: 1 195 


30 aa 


SEQ ID NO: 1197 


MUCIR segment 16 


90 nts 


SEQ ID NO: 1198 


Polypeptide encoded by SEQ ID NO: 1 197 


30 aa 
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SEQ ID NO: 1199 


MUC1R segment 17 


90nts 


SEQIDNO: 1200 


Polypeptide encoded by SEQ ID NO: 1 199 


30 aa 


SEQ ID NO: 1201 


MUC1R segment 18 


90nts 


SEQIDNO: 1202 


Polypeptide encoded by SEQ ID NO: 1201 


30 aa 


SEQIDNO: 1203 


MUC1R segment 19 


90nts 


SEQIDNO: 1204 


Polypeptide encoded by SEQ ID NO: 1203 


30 aa 


SEQIDNO: 1205 


MUC1R segment 20 


90nts 


SEQIDNO: 1206 


Polypeptide encoded by SEQ ID NO: 1205 


30 aa 


SEQIDNO: 1207 


MUC1R segment 21 


48nts 


SEQIDNO: 1208 


Polypeptide encoded by SEQ ID NO: 1207 


16 aa 


SEQIDNO: 1209 


Differentiation Savine 


16638 nts 


SEQIDNO: 1210 


Polypeptide encoded by SEQ ID NO: 1209 


5546 aa 


SEQIDNO: 1211 


BAGE segment 1 


90 nts 


SEQIDNO: 1212 


Polypeptide encoded by SEQ ID NO: 1211 


30 aa 


SEQIDNO: 1213 


BAGE segment 2 


90 nts 


SEQIDNO: 1214 


Polypeptide encoded by SEQ ID NO: 1213 


30 aa 


SEQIDNO: 1215 


BAGE segment 3 


51 nts 


SEQIDNO: 1216 


Polypeptide encoded by SEQ ID NO: 1215 


17 aa 


SEQIDNO: 1217 


GAGE-1 segment 1 


90 nts 


SEQIDNO: 1218 


Polypeptide encoded by SEQ ID NO: 1217 


30 aa 


SEQIDNO: 1219 


GAGE-1 segment 2 


90 nts 


SEQIDNO: 1220 


Polypeptide encoded by SEQ ID NO: 1219 


30 aa 


SEQIDNO: 1221 


GAGE-1 segment 3 


90 nts 


SEQIDNO: 1222 


Polypeptide encoded by SEQ ID NO: 1221 


30 aa 
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1 iE§i r ^X£--& 


ji F -^> 


j _ — ( .;^ 

1: 


£>h\l ID NU. 1ZZJ 


(jrACjxi-l segment 4 


90nts 


SEQ ID NO: 1224 


Polypeptide encoded by SEQ ID NO: 1223 


30 aa 


SEQ ID NO: 1225 


GAGE-1 segments 


90nts 


SEQ ID NO: 1226 


Polypeptide encoded by SEQ ID NO: 1225 


30 aa 


SEQ ID NO: 1227 


GAGE-1 segment 6 


90nts 


SEQ ID NO: 1228 


Polypeptide encoded by SEQ ID NO: 1227 


30 aa 


SEQ ID NO: 1229 


GAGE-1 segment 7 


90nts 


SEQ ID NO: 1230 


Polypeptide encoded by SEQ ID NO: 1229 


30 aa 


SEQ ID NO: 1231 


GAGE-1 segment 8 


90nts 


SEQ ID NO: 1232 


Polypeptide encoded by SEQ ID NO: 1231 


30 aa 1 


SEQ ID NO: 1233 


GAGE-1 segment 9 


66nts 


SEQ ID NO: 1234 


Polypeptide encoded by SEQ ID NO: 1233 


22 aa 


SEQ ID NO: 1235 


gpl001n4 segment 1 


90nts 


SEQ ID NO: 1236 


Polypeptide encoded by SEQ ID NO: 1235 


30 aa 


SEQ ID NO: 1237 


gpl001n4 segment 2 


90nts 


bEQ ID NO: 1238 


Polypeptide encoded by SEQ ID NO: 1237 


30 aa 


OT?rv TT\ XT/"*. 1 OOfk 

bEQ ID NO: 1239 


gplOOIm segment 3 


75nts 


5>liQ ID NU. 1/4U 


Polypeptide encoded by SEQ ID NO: 1239 


25 aa 


cpn TD MO 1 7*41 


\A A fTR 1 cpmrtont 1 

iVLft.vJD-1 segment i 


On ntn 

yunts 


SEQ ID NO: 1242 


Polypeptide encoded by SEQ ID NO: 1241 


30 aa 


SEQ ID NO: 1243 


MAGE-1 segment 2 


90nts 


SEQ ID NO: 1244 


Polypeptide encoded by SEQ ID NO: 1243 


30 aa 


SEQ ID NO: 1245 


MAGE-1 segment 3 


90nts 


SEQ ID NO: 1246 


Polypeptide encoded by SEQ ID NO: 1245 


30 aa 
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i 


i 

!• 




nrjA TTV XT/"*. 1 1 An 

SEQ ID NU: 1247 


MAvjhr-l segment 4 


yy) nts 


SEQ ED NO: 1248 


Polypeptide encoded by SEQ ID NO: 1247 


30 aa 


SEQ ID NO: 1249 


MAGE-1 segment 5 


90 nts 


SEQ ID NO: 1250 


Polypeptide encoded by SEQ ID NO: 1249 


30 aa 


SEQ ID NO: 1251 


MAGE-1 segment 6 


90 nts 


SEQ ID NO: 1252 


Polypeptide encoded by SEQ ID NO: 1251 


30 aa 


SEQ ID NO: 1253 


MAGE-1 segment 7 


90 nts 


SEQ ID NO: 1254 


Polypeptide encoded by SEQ ID NO: 1253 


30 aa 


SEQ ID NO: 1255 


MAGE-1 segment 8 


90 nts 


SEQ ID NO: 1256 


Polypeptide encoded by SEQ ID NO: 1255 


30 aa | 


SEQ ID NO: 1257 


MAGE-1 segment 9 


90 nts 


SEQ ID NO: 1258 


Polypeptide encoded by SEQ ID NO: 1257 


30 aa 


SEQ ID NO: 1259 


MAGE-1 segment 10 


90 nts 


SEQ ID NO: 1260 


Polypeptide encoded by SEQ ID NO: 1259 


30 aa 


SEQ ID NO: 1261 


MAGE-1 segment 1 1 


90 nts 


SEQ ID NO: 1262 


Polypeptide encoded by SEQ ID NO: 1261 


30 aa 


nr»A rr\ VTA 

SEQ ID NO: 1263 


MAGE-1 segment 12 


90 nts 


SEQ ID NO: 1264 


Polypeptide encoded by SEQ ID NO: 1263 


30 aa 


oJdV/ 11/ InLF. 1/03 


ivl/wiis-i segment u 


QA rite 

y u nts 


SEQ ID NO: 1266 


Polypeptide encoded by SEQ ID NO: 1265 


30 aa 


SEQ ID NO: 1267 


MAGE-1 segment 14, 


90 nts 


SEQ ID NO: 1268 


Polypeptide encoded by SEQ ID NO: 1267 


30 aa 


SEQ ID NO: 1269 


MAGE-1 segment 15 


90 nts 


SEQ ID NO: 1270 


Polypeptide encoded by SEQ ID NO: 1269 


30 aa 
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i 

! 


ij 
!i 


!: I 

I I 
JL : i 


SEQ ID NO: 1271 


MAGE-1 segment 16 


90 nts 


SEQ ID NO: 1272 


Polypeptide encoded by SEQ ID NO: 1271 


30 aa 


SEQ ID NO: 1273 


MAGE-1 segment 17 


90 nts 


SEQ ID NO: 1274 


Polypeptide encoded by SEQ ID NO: 1273 


30 aa 


SEQ ID NO: 1275 


MAGE-1 segment 18 


90 nts 


SEQ ID NO: 1276 


Polypeptide encoded by SEQ ID NO: 1275 


30 aa 


SEQ ID NO: 1277 


MAGE-1 segment 19 


90 nts 


SEQ ID NO: 1278 


Polypeptide encoded by SEQ ID NO: 1277 


30 aa 


SEQ ID NO: 1279 


MAGE-1 segment 20 


84 nts 


SEQ ID NO: 1280 


Polypeptide encoded by SEQ ID NO: 1279 


28 aa 


SEQ ID NO: 1281 


MAGE-3 segment 1 


90 nts 


SEQ ID NO: 1282 


Polypeptide encoded by SEQ ID NO: 1281 


30 aa 


SEQ ID NO: 1283 


MAGE-3 segment 2 


90 nts 


SEQ ID NO: 1284 


Polypeptide encoded by SEQ ID NO: 1283 


30 aa 


SEQ ID NO: 1285 


MAGE-3 segment 3 


90 nts 


SEQ ID NO: 1286 


Polypeptide encoded by SEQ ID NO: 1285 


30 aa 


SEQ ID NO: 1287 


MAGE-3 segment 4 


90 nts 


SEQ ID NO: 1288 


Polypeptide encoded by SEQ ID NO: 1287 


30 aa 


o-bl^ Jlli WU. IzoV 


maixc-j segment j 


yu nts 


SEQ ID NO: 1290 


Polypeptide encoded by SEQ ID NO: 1289 


30 aa 


SEQ ID NO: 1291 


MAGE-3 segment 6 


90 nts 


SEQ ID NO: 1292 


Polypeptide encoded by SEQ ID NO: 1291 


30 aa 


SEQ ID NO: 1293 


MAGE-3 segment 7 


90 nts 


SEQ ID NO: 1294 


Polypeptide encoded by SEQ ID NO: 1293 


30 aa 
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SEQIDNO: 1295 
SEQIDNO: 1296 
SEQIDNO: 1297 
SEQIDNO: 1298 
SEQIDNO: 1299 
SEQIDNO: 1300 
SEQIDNO: 1301 
SEQIDNO: 1302 
SEQIDNO: 1303 
SEQIDNO: 1304 
SEQIDNO: 1305 
SEQIDNO: 1306 
SEQIDNO: 1307 
SEQIDNO: 1308 
SEQIDNO: 1309 
SEQIDNO: 1310 
SEQIDNO: 1311 
SEQIDNO: 1312 
SEQIDNO: 1313 
SEQIDNO: 1314 
SEQIDNO: 1315 
SEQIDNO: 1316 
SEQIDNO: 1317 
SEQIDNO: 1318 



MAGE-3 segment 8 

Polypeptide encoded by SEQ ID NO: 1295 
MAGE-3 segment 9 

Polypeptide encoded by SEQ ID NO: 1297 
MAGE-3 segment 10 

Polypeptide encoded by SEQ ID NO: 1299 
MAGE-3 segment 11 

Polypeptide encoded by SEQ ID NO: 1301 
MAGE-3 segment 12 

Polypeptide encoded by SEQ ID NO: 1303 
MAGE-3 segment 13 

Polypeptide encoded by SEQ ID NO: 1305 
MAGE-3 segment 14 

Polypeptide encoded by SEQ ID NO: 1307 
MAGE-3 segment 15 

Polypeptide encoded by SEQ ID NO: 1309 
MAGE-3 segment 16 

Polypeptide encoded by SEQ ID NO: 1311 
MAGE-3 segment 17 

Polypeptide encoded by SEQ ID NO: 1313 
MAGE-3 segment 18 

Polypeptide encoded by SEQ ID NO: 1315 
MAGE-3 segment 19 

Polypeptide encoded by SEQ ID NO: 1317 



90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
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SEQIDNO:1319 


MAGE-3 segment 20 


90 nts 


SEQIDNO: 1320 


Polypeptide encoded by SEQ ID NO: 1319 


30 aa 


SEQIDNO: 1321 


MAGE-3 segment 21 


54 nts 


SEQIDNO: 1322 


Polypeptide encoded by SEQ ID NO: 1321 


18 aa 


SEQIDNO: 1323 


PRAME segment 1 


90 nts 


SEQIDNO: 1324 


Polypeptide encoded by SEQ ID NO: 1323 


30 aa 


SEQIDNO: 1325 


PRAME segment 2 


90 nts 


SEQIDNO: 1326 


Polypeptide encoded by SEQ ID NO: 1325 


30 aa 


SEQIDNO: 1327 


PRAME segment 3 


90 nts 


SEQIDNO: 1328 


Polypeptide encoded by SEQ ID NO: 1327 


30 aa 


SEQIDNO: 1329 


PRAME segment 4 


90 nts 


SEQIDNO: 1330 


Polypeptide encoded by SEQ ID NO: 1329 


30 aa 


SEQIDNO: 1331 


PRAME segment 5 


90 nts 


SEQIDNO: 1332 


Polypeptide encoded by SEQ ID NO: 1331 


30 aa 


SEQIDNO: 1333 


PRAME segment 6 


90 nts 


SEQIDNO: 1334 


Polypeptide encoded by SEQ ID NO: 1333 


30 aa 


SEQIDNO: 1335 


PRAME segment 7 


90 nts 


SEQIDNO: 1336 


Polypeptide encoded by SEQ ID NO: 1335 


30 aa 


SEQIDNO: 1337 


PRAME segment 8 


90 nts 


SEQIDNO: 1338 


Polypeptide encoded by SEQ ED NO: 1337 


30 aa 


SEQIDNO: 1339 


PRAME segment 9 


90 nts 


SEQIDNO: 1340 


Polypeptide encoded by SEQ ID NO: 1339 


30 aa 


SEQIDNO: 1341 


PRAME segment 10 


90 nts 


SEQIDNO: 1342 


Polypeptide encoded by SEQ ID NO: 1341 


30 aa 
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■'i/^V^'''^.- ikf.''- : '<z>-A; 

i 


_ __ 


'i < 

ii i 
S i 

..i 


CCA TH \TA. llilo 

SEQ ID NO: 1343 


FKAJVlb segment 1 1 


nts 


SEQ ED NO: 1344 


Polypeptide encoded by SEQ ID NO: 1343 


1A 

30 aa 


SEQ ID NO: 1345 


PRAME segment 12 


90 nts 


SEQ ID NO: 1346 


Polypeptide encoded by SEQ ID NO: 1345 


30 aa 


SEQ ID NO: 1347 


PRAME segment 13 


90 nts 


SEQ ID NO: 1348 


Polypeptide encoded by SEQ ID NO: 1347 


30 aa 


SEQ ID NO: 1349 


PRAME segment 14 


90 nts 


SEQ ID NO: 1350 


Polypeptide encoded by SEQ ID NO: 1349 


30 aa 


SEQ ID NO: 1351 


PRAME segment 15 


90 nts 


SEQ ID NO: 1352 


Polypeptide encoded by SEQ ID NO: 1351 


30 aa 


SEQ ID NO: 1353 


PRAME segment 16 ( 


90 nts 


SEQ ID NO: 1354 


Polypeptide encoded by SEQ ID NO: 1353 


30aa 


SEQ ID NO: 1355 j 


PRAME segment 17 


90 nts 


SEQ ID NO: 1356 


Polypeptide encoded by SEQ ID NO: 1355 


30 aa 


SEQ ID NO: 1357 


PRAME segment 18 


90 nts 


SEQ ID NO: 1358 


Polypeptide encoded by obQ ID NU: 1357 


3U aa 


SEQ ID NO: 1359 


PRAMb segment 19 


yu nts 


SEQ ID NO: 1360 


Polypeptide encoded by bJbQ ID NU. lJSV 


1A 

JU aa 


QT7n m xrrv i iai 

o£*y liy riSJ. IjOI 


PP AX/TP cpompnf 90 
x IVrMVLC segment ZU 


7U Uto | 


SEQ ID NO: 1362 


Polypeptide encoded by SEQ ID NO: 1361 


30 aa 


SEQ ID NO: 1363 


PRAME segment 21 


90 nts 


SEQ ID NO: 1364 


Polypeptide encoded by SEQ ID NO: 1363 


30 aa 


SEQIDNO: 1365 


PRAME segment 22 


90 nts 


SEQ ID NO: 1366 


Polypeptide encoded by SEQ ID NO: 1365 


30 aa 
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SEQ ID NO: 1367 
SEQIDNO: 1368 
SEQIDNO: 1369 
SEQ ID NO: 1370 
SEQ ID NO: 1371 
SEQ ID NO: 1372 
SEQIDNO: 1373 
SEQIDNO: 1374 
SEQIDNO: 1375 
SEQIDNO: 1376 
SEQIDNO: 1377 
SEQ ID NO: 1378 
SEQIDNO: 1379 
SEQ ID NO: 1380 
SEQIDNO: 1381 
SEQIDNO: 1382 
SEQIDNO: 1383 
SEQIDNO: 1384 
SEQ ID NO: 1385 
SEQIDNO: 1386 
SEQIDNO: 1387 
SEQIDNO: 1388 
SEQIDNO: 1389 
SEQIDNO: 1390 



PRAME segment 23 

Polypeptide encoded by SEQ ID NO: 1367 
PRAME segment 24 

Polypeptide encoded by SEQ ID NO: 1369 
PRAME segment 25 

Polypeptide encoded by SEQ ID NO: 1371 
PRAME segment 26 

Polypeptide encoded by SEQ ID NO: 1373 
PRAME segment 27 

Polypeptide encoded by SEQ ID NO: 1375 
PRAME segment 28 

Polypeptide encoded by SEQ ID NO: 1377 
PRAME segment 29 

Polypeptide encoded by SEQ ID NO: 1379 
PRAME segment 30 

Polypeptide encoded by SEQ ID NO: 1381 
PRAME segment 31 

Polypeptide encoded by SEQ ID NO: 1383 
PRAME segment 32 

Polypeptide encoded by SEQ ID NO: 1385 
PRAME segment 33 

Polypeptide encoded by SEQ ID NO: 1387 
PRAME segment 34 

Polypeptide encoded by SEQ ID NO: 1389 



90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
90 nts 
30 aa 
54 nts 
18 aa 
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SEQ ID NO: 1391 


TRP2IN2 segment 1 


90nts 


SEQIDNO: 1392 


Polypeptide encoded by SEQ ID NO: 1391 


30 aa 


SEQ ID NO: 1393 


TRP2IN2 segment 2 


90nts 


SEQIDNO: 1394 


Polypeptide encoded by SEQ ID NO: 1393 


30 aa 


SEQIDNO: 1395 


TRP21N2 segment 3 


84nts 


SEQIDNO: 1396 


Polypeptide encoded by SEQ ID NO: 1395 


28 aa 


SEQIDNO: 1397 


NYNSOl a segment 1 


90nts 


SEQIDNO: 1398 


Polypeptide encoded by SEQ ID NO: 1397 


30 aa 


SEQIDNO: 1399 


NYNSOla segment 2 


90nts 


SEQIDNO: 1400 


Polypeptide encoded by SEQ ID NO: 1399 


30 aa 


SEQIDNO: 1401 


NYNSOla segment 3 


90nts 


SEQIDNO: 1402 


Polypeptide encoded by SEQ ID NO: 1401 


30 aa 


SEQIDNO: 1403 


NYNSOla segment 4 


90nts 


SEQIDNO: 1404 


Polypeptide encoded by SEQ ID NO: 1403 


30 aa 


SEQIDNO: 1405 


NYNSOla segment 5 


90nts 


SEQIDNO: 1406 


Polypeptide encoded by SEQ ID NO: 1405 


30 aa 


SEQIDNO: 1407 


NYNSOla segment 6 


90nts 


SEQIDNO: 1408 


Polypeptide encoded by SEQ ID NO: 1407 


30 aa 


SEQIDNO: 1409 


NYNSOla segment 7 


90nts 


SEQIDNO: 1410 


Polypeptide encoded by SEQ ID NO: 1409 


30 aa 


SEQIDNO: 1411 


NYNSOla segment 8 


90nts 


SEQIDNO: 1412 


Polypeptide encoded by SEQ ID NO: 141 1 


30 aa 


SEQIDNO: 1413 


NYNSOla segment 9 


90nts 


SEQ ID NO: 1414 


Polypeptide encoded by SEQ ID NO: 1413 


30 aa 
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1 s^§&©Cfi© 






hiiQIDNU: 1415 


NYNoUla segment 1U 


90nts 


r»T7/> Tr*V VTA lil/' 

SEQIDNO: 1416 


Til .'J J ] 1 nT»A TT\ VTA t A 1 C 

Polypeptide encoded by SEQ ID NO: 1415 


30 aa 


SEQIDNO: 1417 


NYNSOla segment 1 1 


^A Am 

90nts 


SEQIDNO: 1418 


Polypeptide encoded by SEQ ID NO: 1417 


30 aa 


SEQ ID NO: 1419 


NYNSOla segment 12 


57 nts 


SEQ ID NO: 1420 


Polypeptide encoded by SEQ ID NO: 1419 


19aa 


SEQIDNO: 1421 


NYNSOlb segment 1 


90 nts 


SEQ ID NO: 1422 


Polypeptide encoded by SEQ ID NO: 1421 


30 aa 


SEQ ID NO: 1423 


NYNSOlb segment 2 


90 nts 


SEQ ID NO: 1424 


Polypeptide encoded by SEQ ID NO: 1423 


30 aa 


SEQ ID NO: 1425 


NYNSOlb segment 3 


90 nts 


SEQ ID NO: 1426 


Polypeptide encoded by SEQ ID NO: 1425 


30 aa 


SEQ ID NO: 1427 


NYNSOlb segment 4 


51 nts 


SEQ ID NO: 1428 


Polypeptide encoded by SEQ ID NO: 1427 




OCA TTX *KT/"\- 1 >f^n 

SEQIDNO: 1429 


LAGE1 segment 1 


90 nts 


SEQ ID NO: 1430 


T*^t a.* J ^ J ] I PT7A TTX VTA. 1 

Polypeptide encoded by SEQ ID NO: 1429 


**A — 

30 aa 


abQ ID NU: 1431 


LAvjJbl segment 2 


90 nts 


cua m XT/"V 1 /111 

aiSQ ID 1NU. 14Jz 


Polypeptide encoded by o-btj ID NU. 1431 


1A MM 

3U aa 


oiiy ID JNw. l*k>J 


JL/\vjxst segment j 


OA nfr 

yu nts 


SEQIDNO: 1434 


Polypeptide encoded by SEQ ID NO: 1433 


30 aa 


SEQIDNO: 1435 


LAGE1 segment 4 


90 nts 


SEQIDNO: 1436 


Polypeptide encoded by SEQ ID NO: 1435 


30 aa 


SEQIDNO: 1437 


LAGE1 segment 5 


90 nts 


SEQIDNO: 1438 


Polypeptide encoded by SEQ ID NO: 1437 


30 aa 
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SEQIDNO: 1439 


LAGE1 segment 6 


90nts 


SEQ ID NO: 1440 


Polypeptide encoded by SEQ ID NO: 1439 


30 aa 


SEQIDNO: 1441 


LAGE1 segment 7 


90nts 


SEQ ID NO: 1442 


Polypeptide encoded by SEQ ID NO: 1441 


30 aa 


SEQIDNO: 1443 


LAGE1 segment 8 


90nts 


SEQ ID NO: 1444 


Polypeptide encoded by SEQ ID NO: 1443 


30 aa 


SEQIDNO: 1445 


LAGE1 segment 9 


90nts 


SEQIDNO: 1446 


Polypeptide encoded by SEQ ID NO: 1445 


30 aa 


SEQIDNO: 1447 


LAGE1 segment 10 


90nts 


SEQIDNO: 1448 


Polypeptide encoded by SEQ ED NO: 1447 


30 aa 


SEQIDNO: 1449 


LAGE1 segment 11 


90nts 


SEQ ED NO: 1450 


Polypeptide encoded by SEQ ID NO: 1449 


30 aa 


SEQ ED NO: 1451 


LAGE1 segment 12 


57nts 


SEQIDNO: 1452 


Polypeptide encoded by SEQ ID NO: 1451 


19 aa 


SEQIDNO: 1453 


Melanoma cancer specific Savine 


10623 nts 


SEQIDNO: 1454 


Polypeptide encoded by SEQ ID NO: 1453 


3541 aa 


SEQIDNO: 1455 


Figure 16 A1S1 99mer 


99 nts 


SEQ ID NO: 1456 


Figure 16 A1S2 lOOmer 


100 nts 


SEQIDNO: 1457 


Figure 16 A1S3 lOOmer 


100 nts 


SEQ ED NO: 1458 


Figure 16 A1S4 lOOmer 


100 nts 


SEQIDNO: 1459 


Figure 16 A1S5 lOOmer 


100 nts 


SEQIDNO: 1460 


Figure 16 AlS6 99mer 


99 nts 


SEQIDNO: 1461 


Figure 16 A1S7 97mer 


99 nts 


SEQIDNO: 1462 


Figure 16 A1S8 lOOmer 


100 nts 
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i 




1 • ■■! 


SEQIDNO: 1463 


Figure 16 A1S9 lOOmer 


100 nts 


SEQIDNO: 1464 


Figure 16AlS10 75mer 


76nts 


SEQIDNO: 1465 


Figure 16AlF20mer 


20 nts 


SEQIDNO: 1466 


Figure 16 AIR 20mer 


20 nts 


SEQIDNO: 1467 


Amino acid sequence of immunostimulatory 
domain of an invasin protein from Yersinia spp. 


16 aa 
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DETAILED DESCRIPTION OF THE INVENTION 

L Definitions 

The articles "a " and "an " are used herein to refer to one or to more than one 
to at least one) of the grammatical object of the article. By way of example, "an element" 
5 means one element or more than one element 

As used herein, the term "about" refers to a quantity, level, value, dimension, 
size, or amount that varies by as much as 30%, preferably by as much as 20%, and more 
preferably by as much as 10% to a reference quantity, level, value, dimension, size, or 
amount. 

10 By "antigen-binding molecule " is meant a molecule that has binding affinity for a 

target antigen. It will be understood that this term extends to immunoglobulins, 
immunoglobulin fragments and non-immunoglobulin derived protein frameworks that 
exhibit antigen-binding activity. 

The term "clade" as used herein refers to a hypothetical species of an organism 
15 and its descendants or a monophyletic group of organisms. Clades carry a definition, based 
on ancestry, and a diagnosis, based on synapomorphies. It should be noted that diagnoses 
of clades could change while definitions do not 

Throughout this specification, unless the context requires otherwise, the words 
"comprise ", "comprises " and "comprising" will be understood to imply the inclusion of a 
20 stated step or element or group of steps or elements but not the exclusion of any other step 
or element or group of steps or elements. 

By "expression vector" is meant any autonomous genetic element capable of 
directing the synthesis of a protein encoded by the vector. Such expression vectors are 
known by practitioners in the art. 

25 As used herein, the term "function" refers to a biological, enzymatic, or 

therapeutic function. 
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" Homology" refers to the percentage number of amino acids that are identical or 
constitute conservative substitutions as defined in Table B infra. Homology may be 
determined using sequence comparison programs such as GAP (Deveraux et al, 1984, 
Nucleic Acids Research 12, 387-395). In this way, sequences of a similar or substantially 
5 different length to those cited herein might be compared by insertion of gaps into the 
alignment, such gaps being determined, for example, by the comparison algorithm used by 
GAP. 

To enhance an immune response ( "immunoenhancement "), as is well-known in 
the ait, means to increase an animal's capacity to respond to foreign or disease-specific 

10 antigens (e.g., cancer antigens) Le. 9 those cells primed to attack such antigens are increased 
in number, activity, and ability to detect and destroy the those antigens. Strength of 
immune response is measured by standard tests including: direct measurement of 
peripheral blood lymphocytes by means known to the art; natural killer cell cytotoxicity 
assays (see, e.g 9 Provinciali M. et al (1992, /. Immunol Meth. 155: 19-24), cell 

15 proliferation assays (see, e.g., Vollenweider, I. and Groseurth, P. J. (1992, J. Immunol. 
Meth. 149: 133-135), immunoassays of immune cells and subsets (see, e.g., Loefifler, D. 
A., et al. (1992, Cytom. 13: 169-174); Rivoltini, L., et al. (1992, Can. Immunol. 
Immunother. 34: 241-251); or skin tests for cell-mediated immunity (see, e.g. y Chang, A. 
E. et al (1993, Cancer Res. 53: 1043-1050). Any statistically significant increase in 

20 strength of immune response as measured by the foregoing tests is considered "enhanced 
immune response" "immunoenhancement" or "immunopotentiation" as used herein. 
Enhanced immune response is also indicated by physical manifestations such as fever and 
inflammation, as well as healing of systemic and local infections, and reduction of 
symptoms in disease, Le. y decrease in tumour size, alleviation of symptoms of a disease or 

25 condition including, but not restricted to, leprosy, tuberculosis, malaria, naphthous ulcers, 
herpetic and papillomatous warts, gingivitis, artherosclerosis, the concomitants of AIDS 
such as Kaposi's sarcoma, bronchial infections, and the like. Such physical manifestations 
also define "enhanced immune response" "immunoenhancement" or 
"immunopotentiation " as used herein. 

30 Reference herein to "immuno-inter active" includes reference to any interaction, 

reaction, or other form of association between molecules and in particular where one of the 
molecules is, or mimics, a component of the immune system. 
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By "isolated" is meant material that is substantially or essentially free from 
components that normally accompany it in its native state. 

By "modulating" is meant increasing or decreasing, either directly or indirectly, 
an immune response against a target antigen of a member selected from the group 
5 consisting of a cancer and an organism, preferably a pathogenic organism. 

By "natural gene " is meant a gene that naturally encodes a protein. 

The term "natural polypeptide" as used herein refers to a polypeptide that exists 
in nature. 

By "obtained from " is meant that a sample such as, for example, a polynucleotide 
10 extract or polypeptide extract is isolated from, or derived from, a particular source of the 
host. For example, the extract can be obtained from a tissue or a biological fluid isolated 
directly from the host. 

The term "oligonucleotide" as used herein refers to a polymer composed of a 
multiplicity of nucleotide residues (deoxyribonucleotides or ribonucleotides, or related 

15 structural variants or synthetic analogues thereof) linked via phosphodiester bonds (or 
related structural variants or synthetic analogues thereof). Thus, while the term 
"oligonucleotide" typically refers to a nucleotide polymer in which the nucleotide residues 
and linkages between them are naturally occurring, it will be understood that the term also 
includes within its scope various analogues including, but not restricted to, peptide nucleic 

20 acids (PNAs), phosphoramidates, phosphorothioates, methyl phosphorates, 2-O-methyl 

ribonucleic acids, and the like. The exact size of the molecule can vary depending on the 

i 

particular application. An oligonucleotide is typically rather short in length, generally from 
about 10 to 30 nucleotide residues, but the term can refer to molecules of any length, 
although the term polynucleotide" or '^nucleic acid" is typically used for large 
25 oligonucleotides. 

By "operably linked" is meant that transcriptional and translational regulatory 
polynucleotides are positioned relative to a polypeptide-encoding polynucleotide in such a 
manner that the polynucleotide is transcribed and the polypeptide is translated. 
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The term "parent polypeptide"' as used herein typically refers to a polypeptide 
encoded by a natural gene. However, it is possible that the parent polypeptide corresponds 
to a protein that is not naturally-occurring but has been engineered using recombinant 
techniques. In this instance, a polynucleotide encoding the parent polypeptide may 
5 comprise different but synonymous codons relative to a natural gene encoding the same 
polypeptide. Alternatively, the parent polypeptide may not correspond to a natural 
polypeptide sequence. For example, the parent polypeptide may comprise one or more 
consensus sequences common to a plurality of polypeptides. 

The term "patienf* refers to patients of human or other mammal and includes any 
10 individual it is desired to examine or treat using the methods of the invention. However, it 
will be understood that "patienf 9 does not imply that symptoms are present. Suitable 
mammals that fall within the scope of the invention include, but are not restricted to, 
primates, livestock animals (e.g 9 sheep, cows, horses, donkeys, pigs), laboratory test 
animals (e.g. y rabbits, mice, rats, guinea pigs, hamsters), companion animals (e.g, cats, 
15 dogs) and captive wild animals (e.g., foxes, deer, dingoes). 

By "pharmaceutically-acceptable carrier" is meant a solid or liquid filler, diluent 
or encapsulating substance that can be safely used in topical or systemic administration to a 
mammal. 

"Polypeptide", "peptide" and "protein" are used interchangeably herein to refer to 
20 a polymer of amino acid residues and to variants and synthetic analogues of the same. 
Thus, these terms apply to amino acid polymers in which one or more amino acid residues 
is a synthetic non-naturally occurring amino acid, such as a chemical analogue of a 
corresponding naturally occurring amino acid, as well as to naturally-occurring amino acid 
polymers. 

25 The term "polynucleotide" or "nucleic acid 1 as used herein designates mRNA, 

RNA, cRNA, cDNA or DNA. The term typically refers to oligonucleotides greater than 30 
nucleotide residues in length. 

By "primer** is meant an oligonucleotide which, when paired with a strand of 
DNA, is capable of initiating the synthesis of a primer extension product in the presence of 
30 a suitable polymerising agent. The primer is preferably single-stranded for maximum 
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efficiency in amplification but can alternatively be double-stranded. A primer must be 
sufficiently long to prime the synthesis of extension products in the presence of the 
polymerisation agent. The length of the primer depends on many factors, including 
application, temperature to be employed, template reaction conditions, other reagents, and 
5 source of primers. For example, depending on the complexity of the target sequence, the 
oligonucleotide primer typically contains 15 to 35 or more nucleotide residues, although it 
can contain fewer nucleotide residues. Primers can be large polynucleotides, such as from 
about 35 nucleotides to several kilobases or more. Primers can be selected to be 
"substantially complementary" to the sequence on the template to which it is designed to 

10 hybridise and serve as a site for the initiation of synthesis. By "substantially 
complementary", it is meant that the primer is sufficiently complementary to hybridise 
with a target polynucleotide. Preferably, the primer contains no mismatches with the 
template to which it is designed to hybridise but this is not essential. For example, non- 
complementary nucleotide residues can be attached to the 5 * end of the primer, with the 

15 remainder of the primer sequence being complementary to the template. Alternatively, 
non-complementary nucleotide residues or a stretch of non-complementary nucleotide 
residues can be interspersed into a primer, provided that the primer sequence has sufficient 
complementarity with the sequence of the template to hybridise therewith and thereby form 
a template for synthesis of the extension product of the primer. 

20 "Probe " refers to a molecule that binds to a specific sequence or sub-sequence or 

other moiety of another molecule. Unless otherwise indicated, the term "probe" typically 
refers to a polynucleotide probe that binds to another polynucleotide, often called the 
"target polynucleotide", through complementary base pairing. Probes can bind target 
polynucleotides lacking complete sequence complementarity with the probe, depending on 

25 the stringency of the hybridisation conditions. Probes can be labelled directly or indirectly. 

By "recombinant polypeptide" is meant a polypeptide made using recombinant 
techniques, i.e., through the expression of a recombinant or synthetic polynucleotide. 

Terms used to describe sequence relationships between two or more 
polynucleotides or polypeptides include "reference sequence", "comparison window'*, 
30 "sequence identity", percentage of sequence identity** and "substantial identity**. A 
"reference sequence" is at least 12 but frequently 15 to 18 and often at least 25 monomer 
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units, inclusive of nucleotides and amino acid residues, in length. Because two 
polynucleotides may each comprise (1) a sequence (i.e., only a portion of the complete 
polynucleotide sequence) that is similar between the two polynucleotides, and (2) a 
sequence that is divergent between the two polynucleotides, sequence comparisons 
5 between two (or more) polynucleotides are typically performed by comparing sequences of 
the two polynucleotides over a "comparison window" to identify and compare local 
regions of sequence similarity. A "comparison window 79 refers to a conceptual segment of 
at least 50 contiguous positions, usually about 50 to about 100, more usually about 100 to 
about 150 in which a sequence is compared to a reference sequence of the same number of 

10 contiguous positions after the two sequences are optimally aligned. The comparison 
window may comprise additions or deletions (i.e., gaps) of about 20% or less as compared 
to the reference sequence (which does not comprise additions or deletions) for optimal 
alignment of the two sequences. Optimal alignment of sequences for aligning a comparison 
window may be conducted by computerised implementations of algorithms (GAP, 

15 BESTFTT, FASTA, and TFASTA in the Wisconsin Genetics Software Package Release 
7.0, Genetics Computer Group, 575 Science Drive Madison, WI, USA) or by inspection 
and the best alignment (i.e. 9 resulting in the highest percentage homology over the 
comparison window) generated by any of the various methods selected. Reference also 
may be made to the BLAST family of programs as for example disclosed by Altschul et 

20 al y 1997, Nuci Acids Res. 25:3389. A detailed discussion of sequence analysis can be 
found in Unit 19.3 of Ausubel et aL y "Current Protocols in Molecular Biology", John 
Wiley & Sons Inc, 1994-1998, Chapter 15. 

The term "sequence identity' 9 as used herein refers to the extent that sequences 
are identical on a nucleotide-by-nucleotide basis or an amino acid-by-amino acid basis 

25 over a window of comparison. Thus, a "percentage of sequence identity" is calculated by 
comparing two optimally aligned sequences over the window of comparison, determining 
the number of positions at which the identical nucleic acid base (e.g. 9 A, T, C, G, I) or the 
identical amino acid residue (eg., Ala, Pro, Ser, Thr, Gly, Val, Leu, lie, Phe, Tyr, Trp, Lys, 
Arg, His, Asp, Glu, Asn, Gin, Cys and Met) occurs in both sequences to yield the number 

30 of matched positions, dividing the number of matched positions by the total number of 
positions in the window of comparison (i.e, the window size), and multiplying the result 
by 100 to yield the percentage of sequence identity. For the purposes of the present 
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invention, "sequence identity" will be understood to mean the "match percentage" 
calculated by the DNASIS computer program (Version 2.5 for windows; available from 
Hitachi Software engineering Co., Ltd., South San Francisco, California, USA) using 
standard defaults as used in the reference manual accompanying the software. 

5 The term "synthetic polynucleotide" as used herein refers to a polynucleotide 

formed in vitro by the manipulation of a polynucleotide into a form not normally found in 
nature. For example, the synthetic polynucleotide can be in the form of an expression 
vector. Generally, such expression vectors include transcriptional and translational 
regulatory polynucleotide operably linked to the polynucleotide. 

10 The term "synonymous codon " as used herein refers to a codon having a different 

nucleotide sequence than another codon but encoding the same amino acid as that other 
codon. 

By "translational efficiency" is meant the efficiency of a cell's protein synthesis 
machinery to incorporate the amino acid encoded by a codon into a nascent polypeptide 
15 chain. This efficiency can be evidenced, for example, by the rate at which the cell is able to 
synthesise the polypeptide from an RNA template comprising the codon, or by the amount 
of the polypeptide synthesised from such a template. 

By "vector" is meant a polynucleotide molecule, preferably a DNA molecule 
derived, for example, from a plasmid, bacteriophage, yeast or virus, into which a 

20 polynucleotide can be inserted or cloned. A vector preferably contains one or more unique 
restriction sites and can be capable of autonomous replication in a defined host cell 
including a target cell or tissue or a progenitor cell or tissue thereof or be integrable with 
the genome of the defined host such that the cloned sequence is reproducible. Accordingly, 
the vector can be an autonomously replicating vector, Le. 9 a vector that exists as an 

25 extrachromosomal entity, the replication of which is independent of chromosomal 
replication, e.g. 9 a linear or closed circular plasmid, an extrachromosomal element, a 
minichromosome, or an artificial chromosome. The vector can contain any means for 
assuring self-replication. Alternatively, the vector can be one which, when introduced into 
the host cell, is integrated into the genome and replicated together with the chromosome(s) 

30 into which it has been integrated. A vector system can comprise a single vector or plasmid, 
two or more vectors or plasmids, which together contain the total DNA to be introduced 
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into the genome of the host cell, or a transposon. The choice of the vector will typically 
depend on the compatibility of the vector with the host cell into which the vector is to be 
introduced. In the present case, the vector is preferably a viral or viral-derived vector, 
which is operably functional in animal and preferably mammalian cells. Such vector may 
S be derived from a poxvirus, an adenovirus or yeast. The vector can also include a selection 
marker such as an antibiotic resistance gene that can be used for selection of suitable 
transform ants. Examples of such resistance genes are known to those of skill in the art and 
include the nptll gene that confers resistance to the antibiotics kanamycin and G418 
(Geneticin®) and the hph gene which confers resistance to the antibiotic hygromycin B. 
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2. Synthetic polypeptides 

The inventors have surprisingly discovered that the structure of a parent 
polypeptide can be disrupted sufficiently to impede, abrogate or otherwise alter at least one 
function of the parent polypeptide, while simultaneously minimising the destruction of 
5 potentially useful epitopes that are present in the parent polypeptide, by fusing, coupling or 
otherwise linking together different segments of the parent polypeptide in a different 
relationship relative to their linkage in the parent polypeptide. As a result of this change in 
relationship, the sequence of the linked segments in the resulting synthetic polypeptide is 
different to a sequence contained within the parent polypeptide. The synthetic polypeptides 
10 of the invention are useful as immunopotentiating agents, and are referred to elsewhere in 
the specification as scrambled antigen vaccines, super attenuated vaccines or "Savines'\ 

Thus, the invention broadly resides in a synthetic polypeptide comprising a 
plurality of different segments of at least one parent polypeptide, wherein said segments 
are linked together in a different relationship relative to their linkage in the at least one 
1 5 parent polypeptide. 

It is preferable but not essential that the segments in said synthetic polypeptide are 
linked sequentially in a different order or arrangement relative to that of corresponding 
segments in said at least one parent polypeptide. For example, in the case of a parent 
polypeptide that comprises three contiguous or overlapping segments A-B-C-D, these 

20 segments may be linked in 23 other possible orders to form a synthetic polypeptide. These 
orders may be selected from the group consisting of: A-B-D-C, A-C-B-D, A-C-D-B, A-D- 
B-C, A-D-C-B, B-A-C-D, B-A-D-C, B-C-A-D, B-C-D-A, B-D-A-C, B-D-C-A, C-A-B-D, 
C-A-D-B, C-B-A-D, C-B-D-A, C-D-A-B, C-D-B-A, D-A-B-C, D-A-C-B, D-B-A-C, D-B- 
C-A, D-C-A-B, and D-C-B-A. Although the rearrangement of the segments is preferably 

25 random, it is especially preferable to exclude or otherwise minimise rearrangements that 
result in complete or partial reassembly of the parent sequence (e.g. 9 ADBC, BACD, 
DABC). It will be appreciated, however, that the probability of such complete or partial 
reassembly diminishes as the number of segments for rearrangement increases. 

The order of the segments is suitably shuffled, reordered or otherwise rearranged 
30 relative to the order in which they exist in the parent polypeptide so that the structure of the 
polypeptide is disrupted sufficiently to impede, abrogate or otherwise alter at least one 



WO 01/090197 



PCT/AU01/00622 



-88- 

function associated with the parent polypeptide. Preferably, the segments of the parent 
polypeptide are randomly rearranged in the synthetic polypeptide. 

The parent polypeptide is suitably a polypeptide that is associated with a disease 
or condition. For example, the parent polypeptide may be a polypeptide expressed by a 
5 pathogenic organism or a cancer. Alternatively, the parent polypeptide can be a self 
peptide related to an autoimmune disease including, but are not limited to, diseases such as 
diabetes (e.g., juvenile diabetes), multiple sclerosis, rheumatoid arthritis, myasthenia 
gravis, atopic dermatitis, and psoriasis and ankylosing spondylitis. Accordingly, the 
synthetic molecules of the present invention may also have utility for the induction of 

10 tolerance in a subject afflicted with an autoimmune disease or condition or with an allergy 
or other condition to which tolerance is desired. For example tolerance may be induced by 
contacting an immature dendritic cell of the individual to be treated with a synthetic 
polypeptide of the invention or by expressing in an immature dendritic cell a synthetic 
polynucleotide of the invention. Tolerance may also be induced against antigens causing 

15 allergic responses (e.g. 9 asthma, hay fever). In this case, the parent polypeptide is suitably 
an allergenic protein including, but not restricted to, house-dust-mite allergenic proteins as 
for example described by Thomas and Smith (1998, Allergy, 53(9): 821-832). 

The pathogenic organism includes, but is not restricted to, yeast, a virus, a 
bacterium, and a parasite. Any natural host of the pathogenic organism is contemplated by 

20 the present invention and includes, but is not limited to, mammals, avians and fish. In a 
preferred embodiment, the pathogenic organism is a virus, which may be an RNA virus or 
a DNA virus. Preferably, the RNA virus is Human Immunodeficiency Virus (HIV), 
Poliovirus, and Influenza virus, Rous sarcoma virus, or a Flavi virus such as Japanese 
encephalitis virus. In a preferred embodiment, the RNA virus is a Hepatitis virus including, 

25 but not limited to, Hepatitis strains A, B and C. Suitably, the DNA virus is a Herpesvirus 
including, but not limited to, Herpes simplex virus, Epstein-Barr virus, Cytomegalovirus 
and Parvovirus. In a preferred embodiment, the virus is HIV and the parent polypeptide is 
suitably selected from env, gag, pol, vif, vpr, tat, rev, vpu and nef, or combination thereof. 
In an alternate preferred embodiment, the virus is Hepatitis Cla virus and the parent 

30 polypeptide is the Hepatitis CI a virus polyprotein. 
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In another embodiment, the pathogenic organism is a bacterium, which includes, 
but is not restricted to, Neisseria species, Meningococcal species, Haemophilus species 
Salmonella species, Streptococcal species, Legionella species and Mycobacterium species. 

In yet another embodiment, the pathogenic organism is a parasite, which includes, 
5 but is not restricted to, Plasmodium species, Schistosoma species, Leishmania species, 
Trypanosoma species, Toxoplasma species and Giardia species. 

Any cancer or tumour is contemplated by the present invention. For example, the 
cancer or tumour includes, but is not restricted to, melanoma, lung cancer, breast cancer, 
cervical cancer, prostate cancer, colon cancer, pancreatic cancer, stomach cancer, bladder 

10 cancer, kidney cancer, post transplant lymphoproliferative disease (PTLD), Hodgkin's 
Lymphoma and the like. Preferably, the cancer or tumour relates to melanoma. In a 
preferred embodiment of this type, the parent polypeptide is a melanocyte differentiation 
antigen which is suitably selected from gplOO, MART, TRP-1, Tyros, TRP2, MC1R, 
MUC1F, MUC1R or a combination thereof. In an alternate preferred embodiment of this 

15 type, the parent polypeptide is a melanoma-specific antigen which is suitably selected from 
BAGE, GAGE-1, gplOOIn4, MAGE-1, MAGE-3, PRAME, TRP2IN2, NYNSOla, 
NYNSOlb, LAGE1 or a combination thereof. 

In a preferred embodiment, the segments are selected on the basis of size. A 
segment according to the invention may be of any suitable size that can be utilised to elicit 

20 an immune response against an antigen encoded by the parent polypeptide. A number of 
factors can influence the choice of segment size. For example, the size of a segment should 
be preferably chosen such that it includes, or corresponds to the size of, T cell epitopes and 
their processing requirement Practitioners in the art will recognise that class I-restricted T 
cell epitopes can be between 8 and 10 amino acids in length and if placed next to unnatural 

25 flanking residues, such epitopes can generally require 2 to 3 natural flanking amino acids 
to ensure that they are efficiently processed and presented. Class II-restricted T cell 
epitopes can range between 12 and 25 amino acids in length and may not require natural 
flanking residues for efficient proteolytic processing although it is believed that natural 
flanking residues may play a role. Another important feature of class II-restricted epitopes 

30 is that they generally contain a core of 9-10 amino acids in the middle which bind 
specifically to class II MHC molecules with flanking sequences either side of this core 



WO 01/090197 



PCT/AU01/00622 



-90- 

stabilising binding by associating with conserved structures on either side of class II MHC 
antigens in a sequence independent manner (Brown et aL, 1993). Thus the functional 
region of class II-restricted epitopes is typically less than IS amino acids long. The size of 
linear B cell epitopes and the factors effecting their processing, like class II-restricted 
5 epitopes, are quite variable although such epitopes are frequently smaller in size than 15 
amino acids. From the foregoing, it is preferable, but not essential, that the size of the 
segment is at least 4 amino acids, preferably at least 7 amino acids, haore preferably at least 
12 amino acids, more preferably at least 20 amino acids and more preferably at least 30 
amino acids. Suitably, the size of the segment is less than 2000 amino acids, more 
10 preferably less than 1000 amino acids, more preferably less than 500 amino acids, more 
preferably less than 200 amino acids, more preferably less than 100 amino acids, more 
preferably less than 80 amino acids and even more preferably less than 60 amino acids and 
still even more preferably less than 40 amino acids. In this regard, it is preferable that the 
size of the segments is as small as possible so that the synthetic polypeptide adopts a 
IS functionally different structure relative to the structure of the parent polypeptide. It is also 
preferable that the size of the segments is large enough to minimise loss of T cell epitopes. 
In an especially preferred embodiment, the size of the segment is about 30 amino acids. 

An optional spacer may be utilised to space adjacent segments relative to each 
other. Accordingly, an optional spacer may be interposed between some or all of the 

20 segments. The spacer suitably alters proteolytic processing and/or presentation of adjacent 
segments). In a preferred embodiment of this type, the spacer promotes or otherwise 
enhances proteolytic processing and/or presentation of adjacent segments). Preferably, the 
spacer comprises at least one amino acid. The at least one amino acid is suitably a neutral 
amino acid. The neutral amino acid is preferably alanine. Alternatively, the at least one 

25 amino acid is cysteine. 

In a preferred embodiment, segments are selected such that they have partial 
sequence identity or homology with one or more other segments. Suitably, at one or both 
ends of a respective segment there is comprised at least 4 contiguous amino acids, 
preferably at least 7 contiguous amino acids, more preferably at least 10 contiguous amino 
30 acids, more preferably at least 1 5 contiguous amino acids and even more preferably at least 
20 contiguous amino acids that are identical to, or homologous with, an amino acid 
sequence contained within one or more other of said segments. Preferably, at the or each 
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end of a respective segment there is comprised less than 500 contiguous amino acids, more 
preferably less than 200 contiguous amino acids, more preferably less than 100 contiguous 
amino acids, more preferably less than 50 contiguous amino acids, more preferably less 
than 40 contiguous amino acids, and even more preferably less than 30 contiguous amino 
5 acids that are identical to, or homologous with, an amino acid sequence contained within 
one or more other of said segments. Such sequence overlap (also referred to elsewhere in 
the specification as "overlapping fragments" or "overlapping segments 91 ) is preferable to 
ensure potential epitopes at segment boundaries are not lost and to ensure that epitopes at 
or near segment boundaries are processed efficiently if placed beside or near amino acids 
10 that inhibit processing. Preferably, the segment size is about twice the size of the overlap. 

In a preferred embodiment, when segments have partial sequence homology 
therebetween, the homologous sequences suitably comprise conserved and/or non- 
conserved amino acid differences. Exemplary conservative substitutions are listed in the 
following table. 

15 TABLE B 



1 




Ala 


Ser 


Arg 


Lys 


Asn 


Gin, His 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn 


Glu 


Asp 


Gly 


Pro 


His 


Asn, Gin 


ne 


Leu,Val 


Leu ; 


ne,Val 
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Lys Arg, Gin, Glu 



Met 



Leu, He, 



Phe 



Met, Leu, Tyr 



Ser 



Thr 



Thr 



Ser 



Tip 



Tyr 



Tyr 



Tip, Phe 



Val 



De, Leu 



Conserved or non-conserved differences may correspond to polymorphisms in 
corresponding parent polypeptides. Polymorphic polypeptides are expressed by various 
pathogenic organisms and cancers. For example, the polymorphic polypeptides may be 
5 expressed by different viral strains or clades or by cancers in different individuals. 

Sequence overlap between respective segments is preferable to minimise 
destruction of any epitope sequences that may result from any shuffling or rearrangement 
of the segments relative to their existing order in the parent polypeptide. If overlapping 
segments as described above are employed to form a synthetic polypeptide, it may not be 

10 necessary to change the order in which those segments are linked together relative to the 
order in which corresponding segments are normally present in the parent polypeptide. In 
this regard, such overlapping segments when linked together in the synthetic polypeptide 
can adopt a different structure relative to the structure of the parent polypeptide, wherein 
the different structure does not provide for one or more functions associated with the 

15 parent polypeptide. For example, in the case of four segments A-B-C-D each spanning 30 
contiguous amino acids of the parent polypeptide and having a 10-amino acid overlapping 
sequence with one or more adjacent segments, the synthetic polypeptide will have 
duplicated 10-amino acid sequences bridging segments A-B, B-C and C-D. The presence 
of these duplicated sequences may be sufficient to render a different structure and to 

20 abrogate or alter function relative to the parent polypeptide. 
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In a preferred embodiment, segment size is about 30 amino acids and sequence 
overlap at one or both ends of a respective segment is about 15 amino acids. However, it 
will be understood that other suitable segment sizes and sequence overlap sizes are 
contemplated by the present invention, which can be readily ascertained by persons of skill 
5 in the art. 

It is preferable but not necessary to utilise all the segments of the parent 
polypeptide in the construction of the synthetic polypeptide. Suitably, at least 30%, 
preferably at least 40%, more preferably at least 50%, even more preferably at least 60%, 
even more preferably at least 70%, even more preferably at least 80% and still even more 

10 preferably at least 90% of the parent polypeptide sequence is used in the construction of 
the synthetic polypeptide. However, it will be understood that the more sequence 
information from a parent polypeptide that is utilised to construct the synthetic 
polypeptide, the greater the population coverage will be of the synthetic polypeptide as an 
immunogen. Preferably, no sequence information from the parent polypeptide is excluded 

1 5 (e.g. , because of an apparent lack of immunological epitopes). 

Persons of skill in the ait will appreciate that when preparing a synthetic 
polypeptide against a pathogenic organism (e.g., a virus) or a cancer, it may be preferable 
to use sequence information from a plurality of different polypeptides expressed by the 
organism or the cancer. Accordingly, in a preferred embodiment, segments from a plurality 

20 of different polypeptides are linked together to form a synthetic polypeptide according to 
the invention. It is preferable in this respect to utilise as many parent polypeptides as 
possible from, or in relation to, a particular source in the construction of the synthetic 
polypeptide. The source of parent polypeptides includes, but is not limited to, a pathogenic 
organism and a cancer. Suitably, at least about 30%, preferably at least 40%, more 

25 preferably at least 50%, even more preferably at least 60%, even more preferably at least 
70%, even more preferably at least 80% and still even more preferably at least 90% of the 
parent polypeptides expressed by the source is used in the construction of the synthetic 
polypeptide. Preferably, parent polypeptides from a virus include, but are not restricted to, 
latent polypeptides, regulatory polypeptides or polypeptides expressed early during their 

30 replication cycle. Suitably, parent polypeptides from a parasite or bacterium include, but 
are not restricted to, secretory polypeptides and polypeptides expressed on the surface of 
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the parasite or bacteria. It is preferred that parent polypeptides from a cancer or tumour are 
cancer specific polypeptides. 

Suitably, hypervariable sequences within the parent polypeptide are excluded 
from the construction of the synthetic polypeptide. 

5 The synthetic polypeptides of the inventions may be prepared by any suitable 

procedure known to those of skill in the art. For example, the polypeptide may be 
synthesised using solution synthesis or solid phase synthesis as described, for example, in 
Chapter 9 of Atherton and Shephard (1989, Solid Phase Peptide Synthesis: A Practical 
Approach. IRL Press, Oxford) and in Roberge et al (1995, Science 269: 202). Syntheses 
10 may employ, for example, either /-butyloxycarbonyl (f-Boc) or 9- 
fluorenylmethyloxycarbonyl (Fmoc) chemistries (see Chapter 9.1, of Coligan et al. y 
CURRENT PROTOCOLS IN PROTEIN SCIENCE, John Wiley & Sons, Inc. 1995-1997; 
Stewart and Young, 1984, Solid Phase Peptide Synthesis, 2nd ed. Pierce Chemical Co., 
Rockford, 111; and Atherton and Shephard, supra). 

15 Alternatively, the polypeptides may be prepared by a procedure including the 

steps of: 

(a) preparing a synthetic construct including a synthetic polynucleotide encoding 
a synthetic polypeptide wherein said synthetic polynucleotide is operably linked to a 
regulatory polynucleotide, wherein said synthetic polypeptide comprises a plurality of 

20 different segments of a parent polypeptide, wherein said segments are linked together 
in a different relationship relative to their linkage in the parent polypeptide; 

(b) introducing the synthetic construct into a suitable host cell; 

(c) culturing the host cell to express the synthetic polypeptide from said synthetic 
construct; and 

25 (d) isolating the synthetic polypeptide. 

The synthetic construct is preferably in the form of an expression vector. For 
example, the expression vector can be a self-replicating extra-chromosomal vector such as 
a plasmid, or a vector that integrates into a host genome. Typically, the regulatory 
polynucleotide may include, but is not limited to, promoter sequences, leader or signal 
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sequences, ribosomal binding sites, transcriptional start and stop sequences, translational 
start and termination sequences, and enhancer or activator sequences. Constitutive or 
inducible promoters as known in the art are contemplated by the invention. The promoters 
may be either naturally occurring promoters, or hybrid promoters that combine elements of 
5 more than one promoter. The regulatory polynucleotide will generally be appropriate for 
the host cell used for expression. Numerous types of appropriate expression vectors and 
suitable regulatory polynucleotides are known in the art for a variety of host cells. 

In a preferred embodiment, the expression vector contains a selectable marker 
gene to allow the selection of transformed host cells. Selection genes are well known in the 
10 art and will vary with die host cell used. 

The expression vector may also include a fusion partner (typically provided by the 
expression vector) so that the synthetic polypeptide of the invention is expressed as a 
fusion polypeptide with said fusion partner. The main advantage of fusion partners is that 
they assist identification and/or purification of said fusion polypeptide. In order to express 
IS said fusion polypeptide, it is necessary to ligate a polynucleotide according to the invention 
into the expression vector so that the translational reading frames of the fusion partner and 
the polynucleotide coincide. 

Well known examples of fusion partners include, but are not limited to, 
glutathione-S-transferase (GST), Fc portion of human IgG, maltose binding protein (MBP) 

20 and hexahistidine (HIS6), which are particularly useful for isolation of the fusion 
polypeptide by affinity chromatography. For the purposes of fusion polypeptide 
purification by affinity chromatography, relevant matrices for affinity chromatography are 
glutathione-, amylose-, and nickel- or cobalt-conjugated resins respectively. Many such 
matrices are available in "kit" form, such as the QIAexpress™ system (Qiagen) useful with 

25 (HISe) fusion partners and the Pharmacia GST purification system. In a preferred 
embodiment, the recombinant polynucleotide is expressed in the commercial vector 
pFLAG™. 

Another fusion partner well known in the art is green fluorescent protein (GFP). 
This fusion partner serves as a fluorescent 'tag" which allows the fusion polypeptide of the 
30 invention to be identified by fluorescence microscopy or by flow cytometry. The GFP tag 
is useful when assessing subcellular localisation of a fusion polypeptide of the invention, 



WO 01/090197 



PCT/AU01/00622 



-96- 

or for isolating cells which express a fusion polypeptide of the invention. Flow cytometric 
methods such as fluorescence activated cell sorting (FACS) are particularly useful in this 
latter application. Preferably, the fusion partners also have protease cleavage sites, such as 
for Factor Xa, Thrombin and inteins (protein introns), which allow the relevant protease to 
5 partially digest the fusion polypeptide of the invention and thereby liberate the 
recombinant polypeptide of the invention therefrom. The liberated polypeptide can then be 
isolated from the fusion partner by subsequent chromatographic separation. Fusion 
partners according to the invention also include within their scope "epitope tags", which 
are usually short peptide sequences for which a specific antibody is available. Well known 

10 examples of epitope tags for which specific monoclonal antibodies are readily available 
include c-Myc, influenza virus, haemagglutinin and FLAG tags. Alternatively, a fusion 
partner may be provided to promote other forms of immunity. For example, the fusion 
partner may be an antigen-binding molecule that is immuno-interactive with a 
conformational epitope on a target antigen or to a post-translational modification of a 

15 target antigen (e.g., an antigen-binding molecule that is immuno-interactive with a 
glycosylated target antigen). 

The step of introducing the synthetic construct into the host cell may be effected 
by any suitable method including transfection, and transformation, the choice of which will 
be dependent on the host cell employed. Such methods are well known to those of skill in 
20 the art. 

Synthetic polypeptides of the invention may be produced by culturing a host cell 
transformed with the synthetic construct. The conditions appropriate for protein expression 
will vary with the choice of expression vector and the host cell. This is easily ascertained 
by one skilled in the art through routine experimentation. 

25 Suitable host cells for expression may be prokaryotic or eukaryotic. One preferred 

host cell for expression of a polypeptide according to the invention is a bacterium. The 
bacterium used may be Escherichia colL Alternatively, the host cell may be an insect cell 
such as, for example, SF9 cells that may be utilised with a baculo virus expression system. 



The synthetic polypeptide may be conveniently prepared by a person skilled in the 
30 art using standard protocols as for example described in Sambrook, et al. 9 MOLECULAR 
CLONING. A LABORATORY MANUAL (Cold Spring Harbor Press, 1989), in particular 
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Sections 16 and 17; Ausubel et ai, CURRENT PROTOCOLS IN MOLECULAR 
BIOLOGY (John Wiley & Sons, Inc. 1994-1998), in particular Chapters 10 and 16; and 
Coligan et aL, CURRENT PROTOCOLS IN PROTEIN SCIENCE (John Wiley & Sons, 
Inc. 1995-1997), in particular Chapters 1, 5 and 6. 

5 The amino acids of the synthetic polypeptide can be any non-naturally occurring 

or any naturally occurring amino acid. Examples of unnatural amino acids and derivatives 
during peptide synthesis include but are not limited to, use of 4-amino butyric acid, 6- 
aminohexanoic acid, 4-amino-3-hydroxy-5-phenylpentanoic acid, 4-amino-3-hydn>xy-6- 
methylheptanoic acid, t-butylglycine, norleucine, norvaline, phenylglycine, ornithine, 
10 sarcosine, 2-thienyl alanine and/or D-isomers of amino acids. A list of unnatural amino 
acids contemplated by the present invention is shown in TABLE C. 



TABLE C 







of-aminobutyric acid 


L-N-methylalanine 


Of-amino-oc-methylbutyrate 


L-N-methylarginine 


aminocyclopropane-carboxylate 


L-N-methylasparagine 


aminoisobutyric acid 


L-N-methylaspartic acid 


aminonorbornyl-carboxylate 


L-N-methylcysteine 


cyclohexylalanine 


L-N-methylglutamine 


cyclopentylalanine 


L-N-methylglutamic acid 


L-N-methylisoleucine 


L-N-methylhistidine 


D-alanine 


L-N-methylleucine 


D-arginine 


L-N-methyllysine 


D-aspartic acid 


L-N-methylmethionine 


D-cysteine 


L-N-methylnorleucine 


D-glutamate j 


L-N-methylnorvaline 


D-glutamic acid 


L-N-methylornithine 
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D-histidine 


L-N-methylphenylalanine 


D-isoleucine 


I^N-methylproline 


D-leucine 


L-N-medlylserine 


D-lysine 


L-N-methylthreonine 


D-methionine 


L-N-methvltrvntooh an 


D-orni thine 


L-N-inethyltyrosiae 


D-phenylalarrine 


L-N-methvlvaline 


D-proline 


L-N-methylethylglycine 


D-serine 


L-N-methvl-t-butvlfilvcine 


D-threonine 


L-norleucine 


D-tryptophan 


L-norvaline 


D-tyrosine 


OMnethyl-aminoisobutyrate 


D-valine 


cx-methyl-T^aminobutyrate 


D-of-methylalanine 


Of-methylcyclohexylalanine 


D-o-methylarginine 


Of-methylcylcopentylalanine 


D-omethylasparagine 


of-methyl-a-napthylalanine 


D-omethylaspartate 


of-methylpenicillamine 


D-of-methylcysteine 


N-(4-aminobutyl)glycine 


D-&methylglutamine 


N-(2-aminoethyl)glycine 


l \ t\M maf nTilnirfinina 

1^-Q^rneuiyimsuaine 


N-(3-aminopropyl)glycine 


D-oc-methylisoIeucine 


N-amino-a-methylbutyrate 


D-o^methylleucine 


oj-napthylalanine 


D-of-methyllysine 


N-benzylglycine 


D-05-methylmethionine 


N-(2-carbamylediyl)glycine 


D-Of-methylomithiine 


N-(caibamylmethyl)glycine 
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D-ce-methylphenylalanine 


N-(2-carboxyethyl)glycine 


D-cu-methylproline 


N-(carboxymethyl)glycine 


Domethylserine 


N-cyclobutylglycine 


D-of-methylthreonine 


N-cycloheptylglycine 


D-Gf-methyltryptophan 


N-cyclohexylglycine 


D-of-methyltyrosine 


N-cyclodecylglycine 


L-a-methylleucine 


L~os-methyllysine 


L-o^methylmethionine 


L-Of-methylnorleucine 


L-QHnethylnorvatine 


L-a-methylomi thine 


L-a-methylphenylalanine 


L-of-methylproline 


L-a-methylserine 


L-omethylthreonine 


L-Cf-methyltryptophan 


L-ot-methyltyrosine 


L-a-methylvaline 


L-N-methylhomophenylalanine 


N-(N-(2^-diphenylethyl 
carbamylmethyl)glycine 


N-(N-(3,3-diphenylpropyl 
carbamylmethyl)glycine 


1 -carboxy-1 -(2,2-diphenyl-ethyl 
amino)cyclopropane 





The invention also contemplates modifying the synthetic polypeptides of the 
invention using ordinary molecular biological techniques so as to alter their resistance to 
proteolytic degradation or to optimise solubility properties or to render them more suitable 
5 as an immunogenic agent. 



3. Preparation of synthetic polynucleotides of the invention 

The invention contemplates synthetic polynucleotides encoding the synthetic 
polypeptides as for example described in Section 2 supra. Polynucleotides encoding 
segments of a parent polypeptide can be produced by any suitable technique. For example, 
10 such polynucleotides can be synthesised de novo using readily available machinery. 
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Sequential synthesis of DNA is described, for example, in U.S. Patent No 4,293,652. 
Instead of de novo synthesis, recombinant techniques may be employed including use of 
restriction endonucleases to cleave a polynucleotide encoding at least a segment of the 
parent polypeptide and use of ligases to ligate together in frame a plurality of cleaved 
5 polynucleotides encoding different segments of the parent polypeptide. Suitable 
recombinant techniques are described for example in the relevant sections of Ausubel, et 
al (supra) and of Sambrook, et a/., (supra) which are incorporated herein by reference. 
Preferably, the synthetic polynucleotide is constructed using splicing by overlapping 
extension (SOEing) as for example described by Horton et al (1990, Biotechniques 8(5): 
10 528-535; 1995, Mol BiotechnoL 3(2): 93-99; and 1997, Methods Mol Biol. 67: 141-149). 
However, it should be noted that the present invention is not dependent on, and not 
directed to, any one particular technique for constructing the synthetic construct. 

Various modifications to the synthetic polynucleotides may be introduced as a 
means of increasing intracellular stability and half-life. Possible modifications include but 
15 are not limited to the addition of flanking sequences of ribo- or deoxy- nucleotides to the 5* 
and/or 3* ends of the molecule or the use of phosphorothioate or T O-methyl rather than 
phosphodiesterase linkages within the oligodeoxyribonucleotide backbone. 

The invention therefore contemplates a method of producing a synthetic 
polynucleotide as broadly described above, comprising linking together in the same 

20 reading frame at least two nucleic acid sequences encoding different segments of a parent 
polypeptide to form a synthetic polynucleotide, which encodes a synthetic polypeptide 
according to the invention. Suitably, nucleic acid sequences encoding at least 10 segments, 
preferably at least 20 segments, more preferably at least 40 segments and more preferably 
at least 100 segments of a parent polypeptide are employed to produce the synthetic 

25 polynucleotide. 

Preferably, the method further comprises selecting segments of the parent 
polypeptide, reverse translating the selected segments and preparing nucleic acid 
sequences encoding the selected segments. It is preferred that the method further comprises 
randomly linking the nucleic acid sequences together to form the synthetic polynucleotide. 
30 The nucleic acid sequences may be oligonucleotides or polynucleotides. 
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Suitably, segments are selected on the basis of size. Additionally, or in the 
alternative, segments are selected such that they have partial sequence identity or 
homology (Le. 9 sequence overlap) with one or more other segments. A number of factors 
can influence segment size and sequence overlap as mentioned above. In the case of 
5 sequence overlap, large amounts of duplicated nucleic acid sequences can sometimes result 
in sections of nucleic acid being lost during nucleic acid amplification (e.g. 9 polymerase 
chain reaction, PCR) of such sequences, recombinant plasmid propagation in a bacterial 
host or during amplification of recombinant viruses containing such sequences. 
Accordingly, in a preferred embodiment, nucleic acid sequences encoding segments having 

10 sequence identity or homology with one or more other encoded segments are not linked 
together in an arrangement in which the identical or homologous sequences are contiguous. 
Also, it is preferable that different codons are used to encode a specific amino acid in a 
duplicated region. In this context, an amino acid of a parent polypeptide sequence is 
preferably reverse translated to provide a codon which, in the context of adjacent or local 

15 sequence elements, has a lower propensity of forming an undesirable sequence (e.g. 9 a 
duplicated sequence or a palindromic sequence) that is refractory to the execution of a task 
(<?.#., cloning or sequencing). Alternatively, segments may be selected such that they 
contain a carboxyl terminal leucine residue or such that reverse translated sequences 
encoding the segments contain restriction enzyme sites for convenient splicing of the 

20 reverse translated sequences. 

The method optionally further comprises linking a spacer oligonucleotide 
encoding at least one spacer residue between segment-encoding nucleic acids. Such spacer 
residue(s) may be advantageous in ensuring that epitopes within the segments are 
processed and presented efficiently. Preferably, the spacer oligonucleotide encodes 2 to 3 
25 spacer residues. The spacer residue is suitably a neutral amino acid, which is preferably 
alanine. 

Optionally, the method further comprises linking in the same reading frame as 
other segment-containing nucleic acid sequences at least one variant nucleic acid sequence 
which encodes a variant segment having a homologous but not identical amino acid 
30 sequence relative to other encoded segments. Suitably, the variant segment comprises 
conserved and/or non-conserved amino acid differences relative to one or more other 
encoded segments. Such differences may correspond to polymorphisms as discussed 



WO 01/090197 



PCT/AU01/00622 



-102- 

above. Id a preferred embodiment, degenerate bases are designed or built in to the at least 
one variant nucleic acid sequence to give rise to all desired homologous sequences. 

When a large number of polymorphisms is intended to be covered, it is preferred 
that multiple synthetic polynucleotides are constructed rather than a single synthetic 
5 polynucleotide, which encodes all variant segments. For example, if there is less than 85% 
homology between polymorphic polypeptides, then it is preferred that more than one 
synthetic polynucleotide is constructed. 

Preferably, the method further comprises optimising the codon composition of the 
synthetic polynucleotide such that it is translated efficiently by a host cell. In this regard, it 

10 is well known that the translational efficiency of different codons varies between 
organisms and that such differences in codon usage can be utilised to enhance the level of 
protein expression in a particular organism. In this regard, reference may be made to Seed 
et al (International Application Publication No WO 96/09378) who disclose the 
replacement of existing codons in a parent polynucleotide with synonymous codons to 

15 enhance expression of viral polypeptides in mammalian host cells. Preferably, the first or 
second most frequently used codons are employed for codon optimisation. 

Preferably, gene splicing by overlap extension or "gene SOEing" (supra) is 
employed for the construction of the synthetic polynucleotide which is a PCR-based 
method of recombining DNA sequences without reliance on restriction sites and of directly 

20 generating mutated DNA fragments in vitro. By modifying the sequences incorporated into 
the S'-ends of the primers, any pair of PCR products can be made to share a common 
sequence at one end. Under PCR conditions, the common sequence allows strands from 
two different fragments to hybridise to one another, forming an overlap. Extension of this 
overlap by DNA polymerase yields a recombinant molecule. However, a problem with 

25 long synthetic constructs is that mutations generally incorporate into amplified products 
during synthesis. In this instance, it is preferred that resolvase treatment is employed at 
various steps of the synthesis. Resolvases are bacteriophage-encoded endonucleases which 
recognise disruptions or mispairing of double stranded DNA and are primarily used by 
bacteriophages to resolve Holliday junctions (Mizuuchi, 1982; Youil et aL, 1995). For 

30 example, T7 endonuclease I can be employed in synthetic DNA constructions to recognise 
mutations and cleave corrupted dsDNA. The mutated DNA strands are then hybridised to 
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non-mutant or correct DNA sequences, which results in a mispairing of DNA bases. The 
mispaired bases are recognised by the resolvase, which then cleaves the DNA nearby 
leaving only correctly hybridised sequences intact. Preferably a thermostable resolvase 
enzyme is employed during splicing or amplification so that errors are not incorporated in 
S downstream synthesis products. 

Synthetic polynucleotides according to the invention can be operably linked to a 
regulatory polynucleotide in the form a synthetic construct as for example described in 
Section 2 supra. Synthetic constructs of the invention have utility inter alia as nucleic acid 
vaccines. The choice of regulatory polynucleotide and synthetic construct will depend on 
10 the intended host. 

Exemplary expression vectors for expression of a synthetic polypeptide according 
to the invention include, but are not restricted to, modified Ankara Vaccinia virus as for 
example described by Allen et al. (2000, J. Immunol. 164(9): 4968-4978), fowlpox virus as 
for example described by Boyle and Coupar (1988, Virus Res. 10: 343-356) and the herpes 
15 simplex amplicons described for example by Fong et al in U.S. Patent No. 6,051,428. 
Alternatively, Adenovirus and Epstein-Barr virus vectors, which are preferably capable of 
accepting large amounts of DNA or RNA sequence information, can be used. 

Preferred promoter sequences that can be utilised for expression of synthetic 
polypeptides include the P7.5 or PE/L promoters as for example disclosed by Kumar and 
20 Boyle. (1990, Virology 179: 151-158), CMV and RSV promoters. 

The synthetic construct optionally further includes a nucleic acid sequence 
encoding an immunostimulatory molecule. The immunostimulatory molecule may be 
fusion partner of the synthetic polypeptide. Alternatively, the immunostimulatory molecule 
may be translated separately from the synthetic polypeptide. Preferably, the 

25 immunostimulatory molecule comprises a general immunostimulatory peptide sequence. 
For example, the immunostimulatory peptide sequence may comprise a domain of an 
invasin protein (Inv) from the bacteria Yersinia spp as for example disclosed by Brett et al. 
(1993, Eur. J. Immunol. 23: 1608-1614). This immune stimulatory property results from 
die capability of this invasin domain to interact with the 01 integrin molecules present on T 

30 cells, particularly activated immune or memory T cells. A preferred embodiment of the 
invasin domain (Inv) for linkage to a synthetic polypeptide has been previously described 
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in U.S. Pat. No. 5,759,551. The said Inv domain has the sequence: Thr-AIa-Lys-Ser-Lys- 
Lys-Phe-Pro-Ser-Tyr-Thr-Ala-Thr-Tyr-Gln-Phe [SEQ ID NO; 1467] or is an immune 
stimulatory homologue thereof from the corresponding region in another Yersinia species 
invasin protein. Such homologies thus may contain substitutions, deletions or insertions of 
5 amino acid residues to accommodate strain to strain variation, provided that the 
homologies retain immune stimulatory properties. The general immunostimulatory 
sequence may optionally be linked to the synthetic polypeptide by a spacer sequence. 

In an alternate embodiment, the immunostimulatory molecule may comprise an 
immunostimulatory membrane or soluble molecule, which is suitably a T cell co- 
10 stimulatory molecule. Preferably, the T cell co-stimulatory molecule is a B7 molecule or a 
biologically active fragment thereof, or a variant or derivative of these. The B7 molecule 
includes, but is not restricted to, B7-1 and B7-2. Preferably, the B7 molecule is B7-1. 
Alternatively, the T cell co-stimulatory molecule may be an ICAM molecule such as 
ICAM-1 andICAM-2. 

15 In another embodiment, the immunostimulatory molecule can be a cytokine, 

which includes, but is not restricted to, an interleukin, a lymphokine, tumour necrosis 
factor and an interferon. Alternatively, the immunostimulatory molecule may comprise an 
immunomodulatory oligonucleotide as for example disclosed by Krieg in U.S. Patent No. 
6,008,200. 

20 Suitably, the size of the synthetic polynucleotide does not exceed the ability of 

host cells to transcribe, translate or proteolytically process and present epitopes to the 
immune system. Practitioners in the art will also recognise that the size of the synthetic 
polynucleotide can impact on the capacity of an expression vector to express the synthetic 
polynucleotide in a host cell. In this connection, it is known that the efficacy of DNA 

25 vaccination reduces with expression vectors greater that 20-kb. In such situations it is 
preferred that a larger number of smaller synthetic constructs is utilised rather than a single 
large synthetic construct. 

4. Immunopotentiating compositions 

The invention also contemplates a composition, comprising an 
30 immunopotentiating agent selected from the group consisting of a synthetic polypeptide as 
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described in Section 2, and a synthetic polynucleotide or a synthetic construct as described 
in Section 3, together with a pharmaceutical^ acceptable carrier. One or more 
immunopotentiating agents can be used as actives in the preparation of 
immunopotentiating compositions. Such preparation uses routine methods known to 
S persons skilled in the art. Typically, such compositions are prepared as injectables, either 
as liquid solutions or suspensions; solid forms suitable for solution in, or suspension in, 
liquid prior to injection may also be prepared. The preparation may also be emulsified. The 
active immunogenic ingredients are often mixed with excipients that are pharmaceutical^ 
acceptable and compatible with the active ingredient. Suitable excipients are, for example, 

10 water, saline, dextrose, glycerol, ethanol, or the like and combinations thereof. In addition, 
if desired, the vaccine may contain minor amounts of auxiliary substances such as wetting 
or emulsifying agents, pH buffering agents, and/or adjuvants that enhance the effectiveness 
of the vaccine. Examples of adjuvants which may be effective include but are not limited 
to: aluminium hydroxide, N-acetyl-muramyl-I^threonyl-D-isoglutamine (thur-MDP), N- 

15 acetyl-nor-muramyl-I^alanyl-D-isoglutamine (CGP 11637, referred to as nor-MDP), N- 
acetylmuramyl-I^alanyl-D-isogluta^ 

hydroxyphosphoryloxy>ethylamine (CGP 1983A, referred to as MTP-PE), and RJBI, 
which contains three components extracted from bacteria, monophosphoryl lipid A, 
trehalose dimycolate and cell wall skeleton (MPL+TDM+CWS) in a 2% squalene/Tween 
20 80 emulsion. For example, the effectiveness of an adjuvant may be determined by 
measuring the amount of antibodies resulting from the administration of the composition, 
wherein those antibodies are directed against one or more antigens presented by the treated 
cells of the composition. 

The immunopotentiating agents may be formulated into a composition as neutral 
25 or salt forms. Pharmaceutical^ acceptable salts include the acid addition salts (formed 
with free amino groups of the peptide) and which are formed with inorganic acids such as, 
for example, hydrochloric or phosphoric acids, or such organic acids such as acetic, oxalic, 
tartaric, maleic, and the like. Salts formed with the free carboxyl groups may also be 
derived from inorganic basis such as, for example, sodium, potassium, ammonium, 
30 calcium, or ferric hydroxides, and such organic basis as isopropylamine, trimethylamine, 
2-ethylamino ethanol, histidine, procaine, and the like. 
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If desired, devices or compositions containing the immunopotentiating agents 
suitable for sustained or intermittent release could be, in effect, implanted in the body or 
topically applied thereto for the relatively slow release of such materials into the body. 

The compositions are conventionally administered parenterally, by injection, for 
5 example, either subcutaneously or intramuscularly. Additional formulations which are 
suitable for other modes of administration include suppositories and, in some cases, oral 
formulations. For suppositories, traditional binders and carriers may include, for example, 
polyalkylene glycols or triglycerides; such suppositories may be formed from mixtures 
containing the active ingredient in the range of 0.5% to 10%, preferably l%-2%. Oral 
10 formulations include such normally employed excipients as, for example, pharmaceutical 
grades of mannitol, lactose, starch, magnesium carbonate, and the like. These compositions 
take the form of solutions, suspensions, tablets, pills, capsules, sustained release 
formulations or powders and contain 10%-95% of active ingredient, preferably 25%-70%. 

Administration of the gene therapy construct to said mammal, preferably a 
15 human, may include delivery via direct oral intake, systemic injection, or delivery to 
selected tissue(s) or cells, or indirectly via delivery to cells isolated from the mammal or a 
compatible donor. An example of the latter approach would be stem cell therapy, wherein 
isolated stem cells having potential for growth and differentiation are transfected with the 
vector comprising the Soxl8 nucleic acid. The stem cells are cultured for a period and then 
20 transferred to the mammal being treated. 

With regard to nucleic acid based compositions, all modes of delivery of such 
compositions are contemplated by the present invention. Delivery of these compositions to 
cells or tissues of an animal may be facilitated by microprojectile bombardment, liposome 
mediated transfection (eg:, lipofectin or lipofectamine), electroporation, calcium 

25 phosphate or DEAE-dextran-mediated transfection, for example. In an alternate 
embodiment, a synthetic construct may be used as a therapeutic or prophylactic 
composition in the form of a "naked DNA" composition as is known in the art. A 
discussion of suitable delivery methods may be found in Chapter 9 of CURRENT 
PROTOCOLS IN MOLECULAR BIOLOGY (Eds. Ausubel et ai; John Wiley & Sons 

30 Inc., 1997 Edition) or on the Internet site DNAvaccine.com. The compositions may be 
administered by intradermal (e.g., using panjet™ delivery) or intramuscular routes. 
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The step of introducing the synthetic polynucleotide into a target cell will differ 
depending on the intended use and species, and can involve one or more of non-viral and 
viral vectors, cationic liposomes, retroviruses, and adenoviruses such as, for example, 
described in Mulligan, R.C., (1993 Science 260 926-932) which is hereby incorporated by 
5 reference. Such methods can include, for example: 

A. Local application of the synthetic polynucleotide by injection (Wolff et al y 1990, 
Science 247 1465-1468, which is hereby incorporated by reference), surgical 
implantation, instillation or any other means. This method can also be used in 
combination with local application by injection, surgical implantation, instillation or 
10 any other means, of cells responsive to the protein encoded by the synthetic 
polynucleotide so as to increase the effectiveness of that treatment. This method can 
also be used in combination with local application by injection, surgical implantation, 
instillation or any other means, of another factor or factors required for the activity of 
said protein. 

15 B. General systemic delivery by injection of DNA, (Calabretta et al 9 1993, Cancer Treat 
Rev. 19 169-179, which is incorporated herein by reference), or RNA, alone or in 
combination with liposomes (Zhu et al y 1993, Science 261 209-212, which is 
incorporated herein by reference), viral capsids or nanoparticles (BertUng et a/., 1991, 
Biotech. Appl Biochem. 13 390-405, which is incorporated herein by reference) or any 

20 other mediator of delivery. Improved targeting might be achieved by linking the 
synthetic polynucleotide to a targeting molecule (the so-called "magic bullet* * approach 
employing, for example, an antibody), or by local application by injection, surgical 
implantation or any other means, of another factor or factors required for the activity of 
the protein encoding said synthetic polynucleotide > or of cells responsive to said 

25 protein. 

C. Injection or implantation or delivery by any means, of cells that have been modified ex 
vivo by transfection (for example, in the presence of calcium phosphate: Chen et al y 
1987, Mole. Cell Biochem. 7 2745-2752, or of cationic lipids and polyamines: Rose et 
al., 1991, BioTech. 10 520-525, which articles are incorporated herein by reference), 
30 infection, injection, electroporation (Shigekawa et aL, 1988, BioTech. 6 742-751, 
which is incorporated herein by reference) or any other way so as to increase the 
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expression of said synthetic polynucleotide in those cells. The modification can be 
mediated by plasmid, bacteriophage, cosmid, viral (such as adenoviral or retroviral; 
Mulligan, 1993, Science 260 926-932; Miller, 1992, Nature 357 455-460; Salmons et 
al., 1993, Hum. Gen. Ther. 4 129-141, which articles are incorporated herein by 
5 reference) or other vectors, or other agents of modification such as liposomes (Zhu et 
al., 1993, Science 261 209-212, which is incorporated herein by reference), viral 
capsids or nanoparticles (Bertling et aL, 1991, Biotech. Appl Biochem. 13 390-405, 
which is incorporated herein by reference), or any other mediator of modification. The 
use of cells as a delivery vehicle for genes or gene products has been described by Barr 
10 et al, 1991, Science 254 1507-1512 and by Dhawan et al y 1991, Science 254 1509- 
1512, which articles are incorporated herein by reference. Treated cells can be 
delivered in combination with any nutrient, growth factor, matrix or other agent that 
will promote their survival in the treated subject. 

Also encapsulated by the present invention is a method for treatment and/or 
15 prophylaxis of a disease or condition, comprising administering to a patient in need of such 
treatment a therapeutically effective amount of a composition as broadly described above. 
The disease or condition may be caused by a pathogenic organism or a cancer as for 
example described above. 

hi a preferred embodiment, the inrmunopotentiating composition of the invention 
20 is suitable for treatment of, or prophylaxis against, a cancer. Cancers which could be 
suitably treated in accordance with the practices of this invention include cancers of the 
lung, breast, ovary, cervix, colon, head and neck, pancreas, prostate, stomach, bladder, 
kidney, bone liver, oesophagus, brain, testicle, uterus, melanoma and the various leukemias 
and lymphomas. 

25 In an alternate embodiment, the immunopotentiating composition is suitable for 

treatment of, or prophylaxis against, a viral, bacterial or parasitic infection. Viral infections 
contemplated by the present invention include, but are not restricted to, infections caused 
by HIV, Hepatitis, Influenza, Japanese encephalitis virus, Epstein-Barr virus and 
respiratory syncytial virus. Bacterial infections include, but are not restricted to, those 

30 caused by Neisseria species, Meningococcal species, Haemophilus species Salmonella 
species, Streptococcal species, Legionella species and Mycobacterium species. Parasitic 
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infections encompassed by the invention include, but are not restricted to, those caused by 
Plasmodium species, Schistosoma species, Leishmania species, Trypanosoma species, 
Toxoplasma species and Giardia species. 

The above compositions or vaccines may be administered in a manner compatible 
5 with the dosage formulation, and in such amount as is therapeutically effective to alleviate 
patients from the disease or condition or as is prophylactically effective to prevent 
incidence of the disease or condition in the patient. The dose administered to a patient, in 
the context of the present invention, should be sufficient to effect a beneficial response in a 
patient over time such as a reduction or cessation of blood loss. The quantity of the 

10 composition or vaccine to be administered may depend on the subject to be treated 
inclusive of the age, sex, weight and general health condition thereof. In this regard, 
precise amounts of the composition or vaccine for administration will depend on the 
judgement of the practitioner. In determining the effective amount of the composition or 
vaccine to be administered in the treatment of a disease or condition, the physician may 

IS evaluate the progression of the disease or condition over time. In any event, those of skill 
in the art may readily determine suitable dosages of the composition or vaccine of the 
invention. 

In a preferred embodiment, DNA-based immunopotentiating agent (e.g. 9 100 jig) 
is delivered intradermally into a patient at day 1 and at week 8 to prime the patient. A 
20 recombinant poxvirus (e.g. y at 10 7 pfu/mL) from which substantially the same 
immunopotentiating agent can be expressed is then delivered intradermally as a booster at 
weeks 16 and 24, respectively. 

The effectiveness of the immunisation may be assessed using any suitable 
technique. For example, CTL lysis assays may be employed using stimulated splenocytes 

25 or peripheral blood mononuclear ceils (PBMC) on peptide coated or recombinant virus 
infected cells using 51 Cr labelled target cells. Such assays can be performed using for 
example primate, mouse or human cells (Allen et al> 2000, /. Immunol 164(9): 4968-4978 
also Woodberry et al, infra). Alternatively, the efficacy of the immunisation may be 
monitored using one or more techniques including, but not limited to, HLA class I 

30 Tetramer staining - of both fresh and stimulated PBMCs (see for example Allen et al. y 
supra), proliferation assays (Allen et al. 9 supra\ Elispot™ Assays and intracellular INF- 
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gamma staining (Allen et al y supra), ELBA Assays - for linear B cell responses; and 
Western blots of cell sample expressing the synthetic polynucleotides. 

5. Computer related embodiments 

The design or construction of a synthetic polypeptide sequence or a synthetic 
5 polynucleotide sequence according to the invention is suitably facilitated with the 
assistance of a computer programmed with software, which inter alia fragments a parent 
sequence into fragments, and which links those fragments together in a different 
relationship relative to their linkage in the parent sequence. The ready use of a parent 
sequence for the construction of a desired synthetic molecule according to the invention 
10 requires that it be stored in a computer-readable format Thus, in accordance with the 
present invention, sequence data relating to a parent molecule (e.g. 9 a parent polypeptide) 
is stored in a machine-readable storage medium, which is capable of processing the data to 
fragment the sequence of the parent molecule into fragments and to link together the 
fragments in a different relationship relative to their linkage in the parent molecule. 

IS Therefore, another embodiment of the present invention provides a machine- 

readable data storage medium, comprising a data storage material encoded with machine 
readable data which, when used by a machine programmed with instructions for using said 
data, fragments a parent sequence into fragments, and links those fragments together in a 
different relationship relative to their linkage in the parent sequence. In a preferred 

20 embodiment of this type, a machine-readable data storage medium is provided that is 
capable of reverse translating the sequence of a respective fragment to provide a nucleic 
acid sequence encoding the fragment and to link together in the same reading frame each 
of the nucleic acid sequences to provide a polynucleotide sequence that codes for a 
polypeptide sequence in which said fragments are linked together in a different relationship 

25 relative to their linkage in a parent polypeptide sequence. 

In another embodiment, the invention encompasses a computer for designing the 
sequence of a synthetic polypeptide and/or a synthetic polynucleotide of the invention, 
wherein the computer comprises wherein said computer comprises: (a) a machine readable 
data storage medium comprising a data storage material encoded with machine readable 
30 data, wherein said machine readable data comprises the sequence of a parent polypeptide; 
(b) a working memory for storing instructions for processing said machine-readable data; 
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Cc) a central-processing unit coupled to said working memory and to said machine-readable 
data storage medium, for processing said machine-readable data into said synthetic 
polypeptide sequence and/or said synthetic polynucleotide; and (d) an output hardware 
coupled to said central processing unit, for receiving said synthetic polypeptide sequence 
5 and/or said synthetic polynucleotide. 

In yet another embodiment, the invention contemplates a computer program 
product for designing the sequence of a synthetic polynucleotide of the invention, 
comprising code that receives as input the sequence of a parent polypeptide, code that 
fragments the sequence of the parent polypeptide into fragments, code that reverse 

10 translates the sequence of a respective fragment to provide a nucleic acid sequence 
encoding the fragment, code that links together in the same reading frame each said nucleic 
acid sequence to provide a polynucleotide sequence that codes for a polypeptide sequence 
in which said fragments are linked together in a different relationship relative to their 
linkage in the parent polypeptide sequence, and a computer readable medium that stores 

15 the codes. 

A version of these embodiments is presented in Figure 23, which shows a system 
10 including a computer 11 comprising a central processing unit ("CPU") 20, a working 
memory 22 which may be, e.g., RAM (random-access memory) or "core" memory, mass 
storage memory 24 (such as one or more disk drives or CD-ROM drives), one or more 
20 cathode-ray tube ("CRT') display terminals 26, one or more keyboards 28, one or more 
input lines 30, and one or more output lines 40, all of which are interconnected by a 
conventional bidirectional system bus 50. 

Input hardware 36, coupled to computer 11 by input lines 30, may be 
implemented in a variety of ways. For example, machine-readable data of this invention 
25 may be inputted via the use of a modem or modems 32 connected by a telephone line or 
dedicated data line 34. Alternatively or additionally, the input hardware 36 may comprise 
CD. Alternatively, ROM drives or disk drives 24 in conjunction with display terminal 26, 
keyboard 28 may also be used as an input device. 

Output hardware 46, coupled to computer 1 1 by output lines 40, may similarly be 
30 implemented by conventional devices. By way of example, output hardware 46 may 
include CRT display terminal 26 for displaying a synthetic polynucleotide sequence or a 
synthetic polypeptide sequence as described herein. Output hardware might also include a 
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printer 42, so that hard copy output may be produced, or a disk drive 24, to store system 
output for later use. 

In operation, CPU 20 coordinates the use of the various input and output devices 
36,46 coordinates data accesses from mass storage 24 and accesses to and from working 
5 memory 22, and determines the sequence of data processing steps. A number of programs 
may be used to process the machine readable data of this invention. Exemplary programs 
may use for example the steps outlined in the flow diagram illustrated in Figure 24. 
Broadly, these steps include (1) inputting at least one parent polypeptide sequence; (2) 
optionally adding to alanine spacers at the ends of each polypeptide sequence; (3) 

10 fragmenting the polypeptide sequences into fragments (e.g., 30 amino acids long), which 
are preferably overlapping (eg., by 15 amino acids); (4) reverse translating the fragment to 
provide a nucleic acid sequence for each fragment and preferably using for the reverse 
translation first and second most translationally efficient codons for a cell type, wherein the 
codons are preferably alternated out of frame with each other in the overlaps of 

15 consecutive fragments; (5) randomly rearranging the fragments; (6) checking whether 
rearranged fragments recreate at least a portion of a parent polypeptide sequence; (7) 
repeating randomly rearranging the fragments when rearranged fragments recreate said at 
least a portion; or otherwise (8) linking the rearranged fragments together to produce a 
synthetic polypeptide sequence and/or a synthetic polynucleotide sequence; and (9) 
20 outputting said synthetic polypeptide sequence and/or a synthetic polynucleotide sequence. 
An example of an algorithm which uses inter alia the aforementioned steps is shown in 
Figure 25. By way of example, this algorithm has been used for the design of synthetic 
polynucleotides and synthetic polypeptides according to the present invention for Hepatitis 
C la and for melanoma, as illustrated in Figures 26 and 27. 

25 Figure 28 shows a cross section of a magnetic data storage medium 100 which can 

be encoded with machine readable data, or set of instructions, for designing a synthetic 
molecule of the invention, which can be carried out by a system such as system 10 of 
Figure 23. Medium 100 can be a conventional floppy diskette or hard disk, having a 
suitable substrate 101, which may be conventional, and a suitable coating 102, which may 

30 be conventional, on one or both sides, containing magnetic domains (not visible) whose 
polarity or orientation can be altered magnetically. Medium 100 may also have an opening 
(not shown) for receiving the spindle of a disk drive or other data storage device 24. The 
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magnetic domains of coating 102 of medium 100 are polarised or oriented so as to encode 
in manner which may be conventional, machine readable data such as that described 
herein, for execution by a system such as system 10 of Figure 23. 

Figure 29 shows a cross section of an optically readable data storage medium 110 
5 which also can be encoded with such a machine-readable data, or set of instructions, for 
designing a synthetic molecule of the invention, which can be carried out by a system such 
as system 10 of Figure 23. Medium 110 can be a conventional compact disk read only 
memory (CD-ROM) or a rewritable medium such as a magneto-optical disk, which is 
optically readable and magneto-optically writable. Medium 100 preferably has a suitable 
10 substrate 111, which may be conventional, and a suitable coating 112, which may be 
conventional, usually of one side of substrate 111. 

In the case of CD-ROM, as is well known, coating 112 is reflective and is 
impressed with a plurality of pits 113 to encode the machine-readable data. The 
arrangement of pits is read by reflecting laser light off the surface of coating 112. A 
15 protective coating 114, which preferably is substantially transparent, is provided on top of 
coating 112. 

hi the case of a magneto-optical disk, as is well known, coating 1 12 has no pits 
113, but has a plurality of magnetic domains whose polarity or orientation can be changed 
magnetically when heated above a certain temperature, as by a laser (not shown). The 
20 orientation of the domains can be read by measuring the polarisation of laser light reflected 
from coating 112. The arrangement of the domains encodes the data as described above. 

In order that the invention may be readily understood and put into practical effect, 
particular preferred non-limiting embodiments will now be described as follows. 
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EXAMPLES 
EXAMPLE 1 

Preparation of an HIV Savine 
Experimental Protocol 
5 Plasmids 

The plasmid pDNAVacc is ampicillin resistant and contains an expression 
cassette comprising a CMV promoter and enhancer, a synthetic intron, a multiple cloning 
site (MCS) and a SV40poly A signal sequence (Thomson et al, 1998). The plasmid 
pTK7.5 and contains a selection cassette, a pox virus 7.5 early/late promoter and a MCS 
1 0 flanked on either side by Vaccinia virus TK gene sequences. 

Recombinant Vaccinia Viruses 

Recombinant Vaccinia viruses expressing the gag, env (JOB) and pol (LAI) genes 
of HIV-1 were used as previously described and denoted W-GAG, W-POL, W-ENV 
(Woodberry et al. 9 1999; Kent et al, 1998). 

15 Marker Rescue Recombination 

Recombinant Vaccinia viruses containing Savine constructs were generated by 
marker rescue recombination, using protocols described previously (Boyle et al. 9 1985). 
Plaque purified viruses were tested for the TK phenotype and for the appropriate genome 
arrangement by Southern blot and PCR. 

20 Oligonucleotides 

Oligonucleotides 50 nmol scale and desalted were purchased from Life 
Technologies. Short oligonucleotides were resuspended in 100 (iL of water, their 
concentration determined, then diluted to 20 \iM for use in PCR or sequencing reactions. 
Long oligonucleotides for splicing reactions were denatured for 5 minutes at 94°C in 
25 20 liL of formamide loading buffer then 0.5 jiL gel purified on a 6% polyacrylamide gel. 



WO 01/090197 



PCT/AU01/00622 



-115- 

Gel slices containing full-length oligonucleotides were visualised with ethidium bromide, 
excised, placed in Eppendorf™ tubes, combined with 200 \xL of water before being 
crushed using the plunger of a 1 mL syringe. Before being used in splicing reactions the 
crushed gel was resuspended in an appropriate volume of buffer and 1-2 nL of the 
5 resuspendate used directly in the splicing reactions. 

Sequencing 

Sequencing was performed using Dye terminator sequencing reactions and 
analyzed by the Biomedical Resource Facility at the John Curtin School of Medical 
Research using an ABI automated sequencer. 

10 Restimulation of Lymphocytes from HIV Infected Patients 

Two pools of recombinant Vaccinia viruses containing W-AC1 + W-BC1 (Pool 
1) or W-AC2 + W-BC2 + W-CC2 (Pool 2) were used to restimulate lymphocytes ftom 
the blood samples of HIV-infected patients. Briefly CTL lines were generated ftom HIV- 
infected donor PBMC. A fifth of the total PBMC were infected with either Pool 1 or Pool 2 

IS Vaccinia viruses then added back to the original cell suspension. The infected cell 
suspension was thai cultured with 11^7 for 1 week. 

CTL Assays 

Restimulated PBMCs were used as effectors in a standard 5, Cr-release CTL assay. 
Targets were autologous EBV-transfonned lymphoblastoid cell lines (LCLs) infected with 
20 the following viruses : Pool 1, Pool 2,W-GAG, W-POL or W-ENV. Assay controls 
included uninfected targets, targets infected with W-lacZ (virus control) and K562 cells. 

Results 

HIV Savine Design 

A main goal of the Savine strategy is to include as much protein sequence 
25 information from a pathogen or cancer as possible in such a way that potential T cell 
epitopes remain intact and so that the vaccine or therapy is extremely safe. An HIV Savine 
is described herein not only to compare this strategy to other strategies but also, to produce 
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an HIV vaccine that would provide the maximum possible population coverage as well as 
catering for the major HIV clades. 

A number of design criteria was first determined to exploit the many advantages 
of using a synthetic approach. One advantage is that it is possible to use consensus protein 
5 sequences to design these vaccines. Using consensus sequences for a highly variable virus 
like HIV should provide better vaccine coverage because individual viral isolate sequences 
may have lost epitopes which induce CTL against the majority of other viral isolates. Thus, 
using the consensus sequences of each HIV clade rather than individual isolate sequences 
should provide better vaccine coverage. Taking this one step further, a consensus sequence 

10 that covers all HIV clades should theoretically provide better coverage than using just the 
consensus sequences for individual clades. Before designing such a sequence however, it 
was decided that a more appropriate and focussed HIV vaccine might be constructed if the 
various clades were first ranked according to their relative importance. To establish such a 
ranking the following issues were considered, current prevalence of each clade, the rate at 

15 which each clade is increasing and the capacity of various regions of the world to cope 
with the HIV pandemic (Figures 1 and 2). These criteria produced the following ranking, 
Clade E > clade A > clade C > clade B > clade D > other clades. Clades E and A were 
considered to almost equal since they are very similar except in their envelope protein 
sequences, which differ considerably. 

20 Another advantage of synthesising a designed sequence is that it is possible to 

incorporate degenerate sequences into their design. In the case of HIV, this means that 
more than one amino acid can be included at various positions to improve the ability of the 
vaccine to cater for the various HIV clades and isolates. Coverage is improved because 
mutations in different HIV clades and also in individual isolate sequences, while mostly 

25 destroying specific T cell epitopes, can result in the formation of new potentially useful 
epitopes nearby (Goulder et aL, 1997). Incorporating degenerate amino acid sequences, 
however, also means that more than one construct must be made and mixed together. The 
number of constructs required depends on the frequency with which mutations are 
incorporated into the design. While this approach requires the construction of additional 

30 constructs, these constructs can be prepared from the same set of degenerate long 
oligonucleotides, significantly reducing the cost of providing such considerable interclade 
coverage. 
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A set of degeneracy rules was developed for the incorporation of amino acid 
mutations into the design which meant that a maximum of eight constructs would be 
required so that theoretically all combinations were present, as follows: 1) Two amino 
acids at three positions (or less) within any group of nine amino acids (i.e., present in a 
5 CTL epitope); 2) Three amino acids at one position and two at another (or not) within any 
group of nine amino acids; 3) Four amino acids at one position and two at another (or not) 
within any group of nine amino acids. The reason why these rules were applied to nine 
amino acids (the average CTL epitope size) and not to larger stretches of amino acid 
sequence to cater for class II restricted epitopes, is because class II-restricted epitopes 
10 generally have a core sequence of nine amino acids in the middle which bind specifically 
to class II MHC molecules with the extra flanking sequences stabilising binding, by 
associating with either side of class II MHC antigens in a largely sequence independent 
manner (Brown et al., 1993). 

Using the HIV clade ranking described above, die amino acid degeneracy rules 
IS and in some situations the similarity between amino acids, a degenerate consensus protein 
sequence was designed for each HIV protein using the consensus protein sequences for 
each HIV clade compiled by the Los Alamos HIV sequence database (Figures 3-11) (HIV 
Molecular Immunology Database, 1997). It is important to note that in some situations the 
order with which each of the above design criteria was applied was altered. Each time this 
20 was done the primary goal however was to increase the ability of the Savine to cater for 
interclade differences. Two isolate sequences, GenBank accession US 11 89 and U46016, 
for clade E and clade C, respectively, were used when a consensus sequence for some HIV 
proteins from these two clades was unavailable (Gao et al. 9 1996; Salminen et a/., 1996). 
The design of a consensus sequence for the hypervariable regions of the HIV envelope 
25 protein and in some cases between these regions (hypervariable regions 1-2 and 3-5) was 
difficult and so these regions were excluded from the vaccine design. 

Once a degenerate consensus sequence was designed for each HIV protein, an 
approach was then determined for incorporating all the protein sequences safely into the 
vaccine. One convenient approach to ensure that a vaccine will be safe is to systematically 
30 fragment and randomly rearrange the protein sequences together thus abrogating or 
otherwise altering their structure and function. The protein sequences still have to be 
immunologically functional however, meaning that the process used to fragment the 
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sequences should not destroy potential epitopes. To decide on the best approach for 
systematically fragmenting protein sequences, the main criteria used was the size of T 
epitopes and their processing requirements. Class I-restricted T cell epitopes are 8-10 
amino acids long and generally require 2-3 natural flanking amino acids to ensure their 
5 efficient processing and presentation if placed next to unnatural flanking residues (Del Val 
et al. 9 1991; Thomson et al. y 1995). Class II-restricted T cell epitopes range between 12-25 
amino acids long and do appear to require natural flanking residues for processing 
however, it is difficult to rule out a role for natural flanking residues in all cases due to the 
complexity of their processing pathways (Thomson et al 9 1998). Also class II-restricted 

10 epitopes despite being larger than CTL epitopes generally have a core sequence of 9-10 
amino acids, which binds to MHC molecules in a sequence specific fashion. Thus, based 
on current knowledge, it was decided that an advantageous approach was to overlap the 
fragments by at least 15 amino acids to ensure that potential epitopes which might lie 
across fragment boundaries are not lost and to ensure that CTL epitopes near fragment 

15 boundaries, that are placed beside or near inhibitory amino acids in adjacent fragments, are 
processed efficiently. In deciding the optimal fragment size, the main criteria used were 
that size had to be small enough to cause the maximum disruption to the structure and 
function of proteins but large enough to cover the sequence information as efficiently as 
possible without any further unnecessary duplication. Based on these criteria the fragments 

20 would be twice the overlap size, in this case 30 amino acids long. 

The designed degenerate protein sequences were then separated into fragments 30 
amino acid long and overlapping by fifteen amino acids. Two alanine amino acids were 
also added to the start and end of the first and last fragment for each protein or envelop 
protein segment to ensure these fragments were not placed directly adjacent to amino acids 

25 capable of blocking epitope processing (Del Val et al. y 1991). The next step was to reverse 
translate each protein sequence back into DNA. Duplicating DNA sequences was avoided 
when constructing DNA sequences encoding a tandem repeat of identical or homologous 
amino acid sequences to maximise expression of the Savine. In this regard, the first and 
second most commonly used mammalian codons (shown in Figure 12) were assigned to 

30 amino acids in these repeat regions, wherein a first codon was used to encode an amino 
acid in one of the repeated sequences and wherein a second but synonymous codon was 
used for the other repeated sequence (eg., see the gag HIV protein in Figure 13). To cater 
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for the designed amino acid mutations more than one base was assigned to some positions 
using the IUPAC DNA codes without exceeding more than three base variations (eight 
possible combinations) in any group of 27 bases (Figure 12). Where a particular 
combination of amino acids could not be incorporated, because too many degenerate bases 
5 would be required, some or all of the amino acid degeneracy was removed according to the 
protein consensus design rules outlined above. Also the degenerate codons were checked 
to determine if they could encode a stop codon, if stop codons could not be avoided then 
the amino acid degeneracy was also simplified again according to the protein consensus 
design rules outlined above. 

10 The designed DNA segments were then scrambled randomly and joined to create 

twenty-two subcassettes approximately 840 bp in size. Extra DNA sequences incorporating 
sites for one of the cohesive restriction enzymes Xbal> Spe\ AvrTL or Nhel and 3 additional 
base pairs (to cater for premature Taq polymerase termination) were thai added to each 
end of each subcassette (Figure 14). Some of these extra DNA sequences also contained, 

15 the cohesive restriction sites for Sail or Xhol, Kozak signal sequences and start or stop 
codons to enable the subcassettes to be joined and expressed either as three large cassettes 
or one full length protein (Figures 14 and 15). 

In designing the HIV Savine one issue that required investigation was whether 
such a large DNA molecule would be fully expressed and whether epitopes encoded near 

20 the end of the molecule would be efficiently presented to the immune system. The 
inventors also wished to show that mixing two or more degenerate Savine constructs 
together could induce T cell responses that recognise mutated sequences. To examine both 
issues DNA coding for a degenerate murine influenza nucleoprotein CTL epitope, NP365- 
373, which differs by two amino acids at positions 71 and 72 in influenza strain A/PR/8/34 

25 compared to the A/NT/60/68strain and restricted by H2-Db, was inserted before the last 
stop codon at the end of the HIV Savine design (Figure 15). An important and unusual 
characteristic of both of these naturally occurring NP365-373 sequences, which enabled 
the present inventors to examine the effectiveness of incorporating mutated sequences, is 
that they generate CTL responses which do not cross react with the alternate sequence 

30 (Townsend et. al. y 1986). This is an unusual characteristic because epitopes not destroyed 
by mutation usually induce CTL responses that cross-react. 
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Up to ten long oligonucleotides up to 100 bases long and two short amplification 
oligonucleotides were synthesised to enable construction of each subcassette (Life 
Technologies). In designing each oligonucleotide the 3' end and in most cases also the 5' 
end had to be either a c c* or a c g' to ensure efficient extension during PGR splicing. The 
5 overlap region for each long oligonucleotide was designed to be at least 16 bp with 
approximately 50% G/C content. Also oligonucleotide overlaps were not placed where 
degenerate DNA bases coded for degenerate amino acids to avoid splicing difficulties 
later. Where this was too difficult some degenerate bases were removed according to the 
protein consensus design rules outlined above and indicated in Figure 12. Figure 16 shows 
10 an example of the oligonucleotides design for each subcassette. 

Construction of the HIVSavine 

Five of each group of ten designed oligonucleotides were spliced together using 
stepwise asymmetric PGR (Sandhu et al y 1992) and Splicing by Overlap Extension 
(SOEing) (Figure 17a). Each subcassette was then PCR amplified, cloned into 

15 pBluescript™ II KS" using BamWJEcoRI and 16 individual clones sequenced. Mutations, 
deletions and insertions were present in the large majority of the clones for each 
subcassette, despite acrylamide gel purification of the long oligonucleotides. In order to 
construct a functional Savine with minimal mutations, two clones for each subcassette with 
no insertions or deletions and hence a complete open reading frame and with minimal 

20 numbers of non-designed mutations, were selected from the sixteen available. The 
subcassettes were then excised from their plasmids and joined by stepwise PGR-amplified 
ligation using the polymerase blend Elongase™ (Life Technology), T4 DNA ligase and the 
cohesive restriction enzymes XbaVSpeVAvrWNhe\ to generate two copies of cassettes A, 
B and C as outlined in Figure 14 and shown in Figure 17b. Predicted sequences for these 

25 cassettes are shown in Figure 30. Each cassette was then reamplified by PCR with 
Elongase™, cloned into pBluescript™ II KS* and 3 of the resulting plasmid clones 
sequenced using 12 of the 36 sequencing primers designed to cover the full length 
construct. Clones with minimal or no further mutations were selected for transfer into 
plasmids for DNA vaccination or used to make recombinant poxviruses. A summary of the 

30 number of designed and non-designed mutations in each Savine construct is presented in 
Table 1. 
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TABLE 1 

Summary of mutations 




Cassette A 


1896 


249 


124 


107 


5 (AC1), 8 (AC2) 


Cassette B 


1184 


260 


130 


124 


11(BC1),4(BC2) 


Cassette C 


1969 


276 


138 


121 


10(CC1),14(CC2) 


Full length 


5742 


785 


392 


352 


26 (FL1), 26 (FL2) 



Summary of the mutations present in the two full-length clones constructed as determined by 
5 sequencing. Includes the number of mutations designed, expected and actually present in die 2 clones and the 
number of non-designed mutations in each cassette and full-length clone. 



HJVSavineDNA vaccines and Recombinant Vaccinia viruses 

To test the immunological effectiveness of the HIV Savine constructs the cassette 
sequences were transferred into DNA vaccine and poxvirus vectors. These vectors when 
10 used either separately in immunological assays described below or together in a 'prime- 
boost' protocol which has been shown previously to generate strong T cell responses in 
vivo (Kent et aL> 1997). 

DNA Vaccination plasmids were constructed by excising the cassettes from the 
selected plasmid clones with XbaVXhol (cassette A) or XbaVSall (cassettes B and C) and 

15 ligating them into pDNAVacc cut with XbaVXhol to create pDVACl, pDVAC2, pDVBCl, 
pDVBC2, pDVCCl, pDVCC2, respectively (Figure 18a). These plasmids were then 
further modified by cloning into their Xbal site a DNA fragment excised using XbaVAvrU 
from pTUMERA2 and encoding a synthetic endoplasmic reticulum (ER) signal sequence 
from the Adenovirus El A protein (Persson et al y 1980) (Figure 18a). ER signal sequences 

20 have been shown previously to enhance the presentation of both CTL and T helper 
epitopes in vivo (Ishioka, G.Y., 1999; Thomson et al, 1998). The plasmids pDVERACl, 
pDVERBCl, pDVERCCl andpDVERAC2, pDVERBC2, pDVERCC2 were then mixed 
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together to create, plasmid pool 1 and pool 2 respectively. Each plasmid pool collectively 
encodes one copy of the designed full-length HIV Savine. 

Plasmids to generate recombinant Vaccinia viruses which express HIV Savine 
sequences were constructed by excising the various HIV Savine cassettes from the selected 
5 plasmid clones using BamWXhol (cassette A) or BamHUSaH (cassettes B and C) and 
cloned into the marker rescue plasmid, pTK7.5, cleaved with BamHUSall. These pTK7.5- 
derived plasmids were then used to generate recombinant Vaccinia viruses by marker 
rescue recombination using established protocols (Boyle et al 9 1985) to generate W-AC1, 
W-AC2, W-BC1, W-BC2, W-CC1 and W-CC2 (Figure 18b). 

10 Two further DNA vaccine plasmids were constructed each encoding a version of 

the full length HIV Savine (Figure 18c). Briefly, the two versions of cassette B were 
excised with Xhol and cloned into the corresponding selected plasmid clones containing 
cassette A sequences that were cut with XhoVSaR to generate pBSABl and pBSAB2 
respectively. The joined A/B cassettes in pBSABl and pBSAB2 were excised with 

15 XbaVXhoI and cloned into pDVCCl and pDVCC2, respectively, and cleaved with 
XbaVXhol to generate pDVFLl and pDVFL2. These were then further modified to contain 
an ER signal sequence using the same cloning strategy as outlined in figure 1 8a. 

Restimulation of HIV specific lymphocytes from HIV infected patients 

The present inventors examined the capacity of the HIV Savine to restimulate 

20 HlV-specific polyclonal CTL responses from HIV-infected patients. PBMCs from three 
different patients were restimulated in vitro with two HIV Savine Vaccinia virus pools 
(Pool 1 included W-AC1 andW-BCl; Pool 2 included W-AC2, W-BC2 and W-CC2) 
then used in CTL lysis assays against LCLs infected either with one of the Savine Vaccinia 
virus pools or Vaccinia viruses which express gag, env or pol. Figure 19 clearly shows, 

25 that in all three assays, both HIV Savine viral pools restimulated HIV-specific CTL 
responses which could recognise targets expressing whole natural HIV antigens and not 
targets which were uninfected or infected with the control Vaccinia virus. Furthermore, in 
all three cases, both pools restimulated responses that recognised all three natural HIV 
antigens. This result suggests that the combined Savine constructs will provide broader 

30 immunological coverage than single antigen based vaccine approaches. The level of lysis 
in each case of targets infected with Savine viral pools was significantly higher than the 
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lysis recorded for any other infected target. This probably reflects the combined CTL 
responses to gag, pol, and env plus other HIV antigens not analysed here but whose 
sequences are also incorporated into the Savine constructs. 

CTL recognition of each HIV antigen is largely controlled by each patient's HLA 
5 background hence the pattern of CTL lysis for whole HIV antigens is different in each 
patient. Interestingly, this CTL lysis pattern did not change when the second Savine 
Vaccinia virus pool was used for CTL restimulation. In these assays, therefore, the 
inventors were unable to demonstrate clear differences between pools 1 and 2, despite pool 
1 lacking a Vaccinia virus expressing cassette CC1 and despite the many amino acid 
10 differences between the A and B cassettes in each pool (see table 1). 

From the foregoing, the present inventors have developed a novel 
vaccine/therapeutic strategy. In one embodiment, pathogen or cancer protein sequences are 
systemically fragmented, reverse translated back into DNA, rearranged randomly then 
joined back together. The designed synthetic DNA sequence is then constructed using long 

15 oligonucleotides and can be transferred into a range of delivery vectors. The vaccine 
vectors used here were DNA vaccine plasmids and recombinant poxvirus vectors which 
have been previously shown to elicit strong T cell responses when used together in a 
'prime-boost' protocol (Kent et aL, 1997). An important advantage of scrambled antigen 
vaccines or 'Savines' is that the amount of starting sequence information for the design can 

20 be easily expanded to include the majority of the protein sequences from a pathogen or for 
cancer, thereby providing the maximum possible vaccine or therapy coverage for a given 
population. 

An embodiment of the systematic fragmentation approach described herein was 
based on the size and processing requirements for T cell epitopes and was designed to 
25 cause maximal disruption to the structure and function of protein sequences. This 
fragmentation approach ensures that the maximum possible range of T cell epitopes will be 
present from any incorporated protein sequence without the protein being functional and 
able to compromise vaccine safety 

Another important advantage of Savines is that consensus protein sequences can 
30 be used for their design. This feature is only applicable when the design needs to cater for 
pathogen or cancer antigens whose sequence varies considerably. HIV is a highly 
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mutagenic virus, hence this feature was utilised extensively to design a vaccine which has 
the potential to cover not only field isolates of HIV but also the major HIV clades involved 
in the current HIV pandemic. To construct the HIV Savine, one set of long 
oligonucleotides was synthesised, which included degenerate bases in such a way that 8 
5 constructs are theoretically required for the vaccine to contain all combinations in any 
stretch of 9 amino acids. The inventors believe that this approach can be improved for the 
following reasons: 1) While degenerate bases should be theoretically equally represented, 
in practice some degenerate bases were biased towards one base or the other, leading to a 
lower than expected frequency of the designed mutations in the two full length HIV 
10 Savines which were constructed (see Table 1). 2) Only sequence combinations actually 
present in the HIV clade consensus sequences are required to get full clade coverage, 
hence the number of full length constructs needed could be reduced. To reduce the number 
of constructs however, separate sets of long oligonucleotides would have to be synthesised, 
significantly increasing the cost, time and effort required to generate a vaccine capable of 
1 5 such considerable vaccine coverage. 

A significant problem during the construction of the HIV Savine synthetic DNA 
sequence was the incorporation of non-designed mutations. The most serious types of 
mutations were insertions, deletions or those giving rise to stop codons, all of which 
change the frame of the synthesised sequences and/or caused premature truncation of the 

20 Savine proteins. These types of mutation were removed during construction of the HIV 
Savines by sequencing multiple clones after subcassette and cassette construction and 
selecting functional clones. The major source of these non-designed mutations was in the 
long oligonucleotides used for Savine synthesis, despite their gel purification. This 
problem could be reduced by making the initial subcassettes smaller thereby reducing the 

25 possibility of corrupted oligonucleotides being incorporated into each subcassette clone. 
The second major cause of non-designed mutations was the large number of PCR cycles 
required for the PCR and ligation-mediated joining of the subcassettes. Including extra 
sequencing and clone selection steps during the subcassette joining process should help to 
reduce the frequency of non-designed mutations in future constructs. Finally, another 

30 method that could help reduce the frequency of such mutations at all stages is to use 
resolvase treatment. Resolvases are bacteriophage-encoded endonucleases which recognise 
disruptions to double stranded DNA and are primarily used by bacteriophages to resolve 
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Holliday junctions (Mizuuchi, 1982; Youil et al. y 1995). 17 endonuclease I has already 
been used by the present inventors in synthetic DNA constructions to recognise mutations 
and cleave corrupted dsDNA to allow gel purification of correct sequences. Cleavage of 
corrupted sequences occurs because after a simple denaturing and hybridisation step 
5 mutated DNA hybridises to correct DNA sequences and results in a mispairing of DNA 
bases which is able to be recognised by the resolvase. This method resulted in a 50% 
reduction in the frequency of errors. Further optimisation of this method and the use of a 
thermostable version of this type of enzyme could further reduce the frequency of errors 
during long Savine construction. 

10 Two pools of Vaccinia viruses expressing Savine cassettes were both shown to 

restimulate HTV-specific responses from three different patients infected with B clade HIV 
viruses. These results provide a clear indication that the HTV Savine should provide broad 
coverage of the population because each patient had a different HLA pattern yet both pools 
were able to restimulate HTV-specific CTL responses in all three patients against all three 

15 natural HIV proteins tested. Also, both pools were shown to restimulate virtually identical 
CTL patterns in all three patients. This result was unexpected because some responses 
should have been lost or gained due to the amino acid differences between the two pools 
and because Pool 1 is only capable of expressing 2/3 of the full length HIV Savine. There 
are two suggested reasons why the pattern of CTL lysis was not altered between the two 

20 viral pools. Firstly, the sequences in the Savine constructs are nearly all duplicated because 
the fragment sequences overlap. Hence the loss of a third of the Savine may not have 
excluded sufficient T cell epitopes for differences to be detected in only three patient 
samples against only three HIV proteins. Secondly, while mutations often destroy T cell 
epitopes, if they remain functional, then the CTL they generate frequently can recognise 

25 alternate epitope sequences. Taken together this finding indirectly suggests that combining 
only two Savine constructs may provide robust multiclade coverage. Further experiments 
are being carried out to directly examine the capacity of the HTV Savine to stimulate CTL 
generated by different strains of HIV virus. The capacity of the two HIV-1 Savine 
Vaccinia vector pools to stimulate CD4+ T cell HIV-1 specific responses from infected 

30 patients was also tested (Figure 20). Both patients showed significant proliferation of 
CD4+ T cells although both pools did not show consistent patterns suggesting that the two 
pools may provide wider vaccine coverage than using either pool independently. 
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The present inventors have generated a novel vaccine strategy, which has been 
used to generate what the inventors believe to be the most effective HIV candidate vaccine 
to date. The inventors have used this vaccine to immunise naive mice. Figure 21 shows 
conclusively that the HIV-1 Savine described above can generate a Gag and Nef CTL 
5 response in naive mice. It should be noted, however, that the Nef CTL epitope appeared to 
exist only in Pool 1 since it was not restimulated by Pool 2. This is further proof of the 
utility of combining HIV-1 Savine Pool 1 and Pool 2 components together to provide 
broader vaccine coverage. 

The HIV-1 Savine Vaccinia vectors have also been used to restimulate in vivo 
10 HIV-1 responses in pre-immune M nemestrina monkeys. These experiments (Figure 22) 
showed, by INF-y ELISPOT and CD69 expression on both CD4 and CD8 T cells, that the 
ability of the HIV-1 SAVINE to restimulate HIV-1 specific responses in vivo is equivalent 
or perhaps better than another HIV-1 candidate vaccine. 

This is a generic strategy able to be applied to many other human infections or 
15 cancers where T-cell responses are considered to be important for protection or recovery. 
With this in mind the inventors have begun constructing Savines for melanoma, cervical 
cancer and Hepatitis C. In the case of melanoma, the majority of the currently identified 
melanoma antigens have been divided into two groups, one containing antigens associated 
with melanoma and one containing differentiation antigens from melanocytes, which are 
20 often unregulated in melanomas. Two Savine constructs are presently being constructed to 
cater for these two groups. The reason for making the distinction is that treatment of 
melanoma might first proceed using the Savine that incorporates fragments of melanoma 
specific antigens only. If this Savine fails to control some metastases then the less specific 
Savine containing the melanocyte-specific antigens can then be used. It is important to 
25 point out that other cancers also express many of the antigens specific to melanomas e.g., 
testicular and breast cancers. Hence the melanoma specific Savine may have therapeutic 
benefits for other cancers. 

A small Savine is also being constructed for cervical cancer. This Savine will 
contain two antigens, E6 and E7, from two strains of human papilloma virus (HPV), HPV- 
30 16 and HPV- 18, directly linked with causing the majority of cervical cancers worldwide. 
There is a large number of sequence differences in these two antigens between the two 
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strains which would normally require two Savines to be constructed. However since this 
Savine is small, the antigen fragments from both strains are being scrambled together. 
While it is normally better for the Savine approach to include all or a majority of the 
antigens from a virus, in this case only E6 and E7 are expressed during viral latency or in 
5 cervical carcinomas. Hence in the interests of simplicity, the rest of the HPV genome will 
not be included although all HPV antigens would be desirable in a Savine against genital 
warts. 

Two Savines have also been constructed for two strains of hepatitis C, a major 
cause of liver disease in the world. Hepatitis C is similar to HIV in the requirements for a 

10 vaccine or therapeutic. However, the major hepatitis C strains share significantly lower 
homology, 69-79%, with one another than do the various HIV clades. To cater for this the 
inventors have decided to construct two separate constructs to cater for the two major 
strains present in Australia, types 1 aand 3a, which together cause approximately 80-95% of 
hepatitis C infections in this country. Both constructs will be approximately the same size 

15 as the HIV Savine but will be blended together into a single vaccine or therapy. 

Overall it is believed that the Savine vaccine strategy is a generic technology 
likely to be applied to a wide range of human diseases. It is also believed that because it is 
not necessary to characterise each antigen, this technology will be actively applied to 
animal vaccines as well where research into vaccines or therapies is often inhibited by the 
20 lack of specific reagents, modest research budgets and poor returns on animal vaccines. 



EXAMPLE 2 
Hepatitis C Savine 

Synthetic immunomodulatory molecules have also been designed for treating 
Hepatitis C. hi one example, the algorithm of Figure 25 was applied to a consensus 

25 polyprotein sequence of Hepatitis C la to facilitate its segmentation into overlapping 
segments (30 aa segments overlapping by 15 aa), the rearrangement of these segments into 
a scrambled order and the output of Savine nucleic acid and amino acid sequences, as 
shown in Figure 26. Exemplary DNA cassettes (A, B and C) are also shown in Figure 26, 
which contain suitable restriction enzyme sites at their ends to facilitate their joining into a 

30 single expressible open reading frame. 
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EXAMPLE 3 
Melanoma Savine 

The algorithm of Figure 25 was also applied to melanocyte differentiation 
antigens (gplOO, MART, TRP-1, Tyros, Trp-2, MC1R, MUC1F and MUC1R) and to 
5 melanoma specific antigens (BAGE, GAGE-1, gpl00In4, MAGE-1, MAGE-3, PRAME, 
TRP2IN2, NYNSOla, NYNSOlb and LAGE1), as shown in Figure 27, to provide separate 
Savine nucleic acid and amino acid sequences for treating or preventing melanoma. 

EXAMPLE 4 

Resolvase Repair Experiment 

10 A resolvase can be used advantageously to repair errors in polynucleotides. The 

following procedure outlines resolvase repair of a synthetic 340 bp fragment in which 
DNA errors were common. 

Method 

The 340 bp fragment was PCR amplified and gel purified on a 4% agarose gel. 
15 After spin purifying, lOul of the eluate corresponding to approximately 100 ng was 
subjected to the resolvase repair treatment. The rest of the DNA sample was stored for later 
cloning as the untreated control. 

2 /iL of lOxPCR buffer, 2 fiL of 20 mM MgCl 2 and 6 /tL of MilliQ™ water 
(MQW) and Taq DNA polymerase were added to the 10 /iL DNA sample. The mixture 

20 was subjected to the following thermal profile; 95°C for Smin, 65°C for 30min, cooled and 
held at 37°C. Five /iL of 10xT7 endonuclease I buffer, 8 fiL of 1/50 fiL of T7endoI enzyme 
stock and 17 fiL of MQW were added, mixed and incubated for 30 min. Loading buffer 
was added to the sample and the sample was electrophoresed on a 4% agarose gel A faint 
band corresponding to the full length fragment was excised and subjected to 15 further 

25 cycles of PCR The amplified fragment was agarose gel purified and, along with the 
untreated DNA sample, cloned into pBluescript. Eleven plasmid clones for each DNA 
sample were sequenced and the number and type of errors compared (see table) 
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Buffers were as follows: 

lOx T7endonuclease buffer 

2.5ml 1M TRIS pH7.8, 0.5ml 1M MgCI 2 , 25/iLl M DTT, 50 fiL lOmg/mL BSA, 
2 mLMQW made up to a total of 5 mL. 

5 T7 endonuclease I stock 

Concentrated sample of enzyme prepared by, and obtained from, Jeff Babon (St 
Vincent's Hospital) was diluted 1/50 using the following dilution buffer: 50 fiL 1 M TRIS 
pH7.8, O.lfiL 1M EDTA pH8, 5 fiL 100 mM glutathione, 50 fiL lOmgfrnL BSA, 23 mL 
MQW, 2.5 mL glycerol made up to a total of 5 mL. 

10 Results 

The results are summarised in Tables 2 and 3. 



TABLE 2 



: TTaM" 








AJT to G/C = 6 


AJT to G/C = 1 


G/C to A/T = 12 


G/CtoA/T = 7 


AJT to deletion = 1 


A/T to deletion = 1 


G/C to deletion = 6 


G/C to deletion = 3 



TABLE 3 







6/1 1 contained deletions 


3/1 1 contained deletions 


9/1 1 contained mutations 


7/1 1 contained mutations 
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2/1 1 correct 


3/1 1 correct 


Discussion/Conclusion 



While overall the number of correct clones obtained was not significantly 
different, there was a significant difference in the level of errors. This reduction in errors 
becomes more significant as greater numbers of long oligonucleotides are joined into the 
5 one construct i.e., increasing the difference between untreated versus treated samples in the 
chance of obtaining a correct clone. It is believed that combining another resolvase such as 
T4 endonuclease VH may further enhance repair or increase the bias against errors. 

Importantly, this experiment was not optimised e.g., by using proofreading PCR 
enzymes or optimised conditions. Finally if the repair reaction is carried out during normal 

10 PCR, for example, by including a thermostable resolvase, it is believed that amplification 
of already damaged long oligonucleotides, and the normal accumulation of PCR induced 
errors, even using error reading polymerases during PCR, could be reduced significantly. 
The repair of damaged long oligonucleotides is particularly important for synthesis of long 
DNA fragment such as in Savines because, while the rate of long oligonucleotide damage 

15 is typically <5%, after joining 10 oligonucleotides, the error rate approaches 50%. This is 
true even using the best proofreading PCR enzymes because these enzymes do not verify 
the sequence integrity using correct oligonucleotide templates that exist as a significant 
majority (95%) in a joining reaction. 

20 The disclosure of every patent, patent application, and publication cited herein is 

incorporated herein by reference in its entirety. 

The citation of any reference herein should not be construed as an admission that 
such reference is available as "Prior Arf * to the instant application 

Throughout the specification the aim has been to describe the preferred 
25 embodiments of the invention without limiting the invention to any one embodiment or 
specific collection of features. Those of skill in the art will therefore appreciate that, in 
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light of the instant disclosure, various modifications and changes can be made in the 
particular embodiments exemplified without departing from the scope of the present 
invention. All such modifications and changes are intended to be included within the 
scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A synthetic polypeptide comprising a plurality of different segments of at least one 
parent polypeptide, wherein the segments are linked together in a different relationship 
relative to their linkage in the at least one parent polypeptide to impede, abrogate or 
otherwise alter at least one function associated with the parent polypeptide. 

2. The synthetic polypeptide of claim 1, consisting essentially of different segments of a 
single parent polypeptide. 

3. The synthetic polypeptide of claim 1, consisting essentially of different segments of a 
plurality of different parent polypeptides. 

4. The synthetic polypeptide of claim 1, wherein the segments in said synthetic 
polypeptide are linked sequentially in a different order or arrangement relative to their 
linkage in said at least one parent polypeptide. 

5. The synthetic polypeptide of claim 4, wherein the segments in said synthetic 
polypeptide are randomly rearranged relative to their order or arrangement in said at least 
one parent polypeptide. 

6. The synthetic polypeptide of claim 1, wherein the size of an individual segment is at 
least 4 amino acids. 

7. The synthetic polypeptide of claim 6, wherein the size of an individual segment is from 
about 20 to about 60 amino acids. 

8. The synthetic polypeptide of claim 7, wherein the size of an individual segment is 
about 30 amino acids. 

9. The synthetic polypeptide of claim 7, comprising at least 30% of the parent polypeptide 
sequence. 

10. The synthetic polypeptide of claim 1, wherein at least one of said segments comprises 
partial sequence identity or homology to one or more other said segments. 

11. The synthetic polypeptide of claim 10, wherein the sequence identity or homology is 
contained at one or both ends of an individual segment. 
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12. The synthetic polypeptide of claim 11, wherein one or both ends of said segment 
comprises at least 4 contiguous amino acids that are identical to, or homologous with, an 
amino acid sequence contained within one or more other of said segments. 

13. The synthetic polypeptide of claim 10, wherein the size of an individual segment is 
about twice the size of the sequence that is identical or homologous to the or each other 
said segment. 

14. The synthetic polypeptide of claim 13, wherein the size of an individual segment is 
about 30 amino acids and the size of the sequence that is identical or homologous to the or 
each other said segment is about 15 amino acids. 

15. The synthetic polypeptide of claim 1, wherein an optional spacer is interposed between 
some or all of the segments. 

16. The synthetic polypeptide of claim 15, wherein the spacer alters proteolytic processing 
and/or presentation of adjacent segment(s). 

17. The synthetic polypeptide of claim 16, wherein the spacer comprises at least one 
neutral amino acid. 

18. The synthetic polypeptide of claim 16, wherein the spacer comprises at least one 
alanine residue. 

19. The synthetic polypeptide of claim 1, wherein the at least one parent polypeptide is 
associated with a disease or condition. 

20. The synthetic polypeptide of claim 1, wherein the at least one parent polypeptide is 
selected from a polypeptide of a pathogenic organism, a cancer-associated polypeptide, an 
autoimmune disease-associated polypeptide, an allergy-associated polypeptide or a variant 
or derivative of these. 

21. The synthetic polypeptide of claim 1, wherein the at least one parent polypeptide is a 
polypeptide of a virus. 

22. The synthetic polypeptide of claim 21, wherein the virus is selected from a Human 
Immunodeficiency Virus (HIV) or a Hepatitis virus. 

23. The synthetic polypeptide of claim 22, wherein the virus is a Human 
Immunodeficiency Virus (HIV) and the at least one parent polypeptide is selected from 
env, gag, pol, vif, vpr, tat, rev, vpu and nef, or a combination thereof. 
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24. The synthetic polypeptide of claim 1, wherein the at least one parent polypeptide is a 
cancer-associated polypeptide. 

25. The synthetic polypeptide of claim 24, wherein the cancer is melanoma. 

26. The synthetic polypeptide of claim 25, wherein the at least one parent polypeptide is a 
melanocyte differentiation antigen. 

27. The synthetic polypeptide of claim 25, wherein the at least one parent polypeptide is a 
melanocyte differentiation antigen selected from gplOO, MART, TRP-1, Tyros, TRP2, 
MC1R, MUC1F, MUC1R or a combination thereof. 

28. The synthetic polypeptide of claim 25, wherein the at least one parent polypeptide is a 
melanoma-specific antigen. 

29. The synthetic polypeptide of claim 25, wherein the at least one parent polypeptide is a 
melanoma-specific antigen selected from BAGE, GAGE-1, gplOOIn4, MAGE-1, MAGE- 
3, PRAME, TRP2IN2, NYNSOla, NYNSOlb, LAGE1 or a combination thereof. 

30. A synthetic polynucleotide encoding a synthetic polypeptide comprising a plurality of 
different segments of at least one parent polypeptide, wherein the segments are linked 
together in a different relationship relative to their linkage in the at least one parent 
polypeptide to impede, abrogate or otherwise alter at least one function associated with the 
parent polypeptide. 

31. A method for producing the synthetic polynucleotide encoding a synthetic polypeptide 
comprising a plurality of different segments of at least one parent polypeptide, wherein the 
segments are linked together in a different relationship relative to their linkage in the at 
least one parent polypeptide to impede, abrogate or otherwise alter at least one function 
associated with the parent polypeptide, said method comprising: 

- linking together in the same reading frame a plurality of nucleic acid sequences 
encoding different segments of the at least one parent polypeptide to form a synthetic 
polynucleotide whose sequence encodes said segments linked together in a different 
relationship relative to their linkage in the at least one parent polypeptide. 

32. The method of claim 31, further comprising fragmenting the sequence of a respective 
parent polypeptide into fragments and linking said fragments together in a different 
relationship relative to their linkage in a respective parent polypeptide sequence. 
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33. The method of claim 32, wherein the fragments are randomly linked together. 

34. The method of claim 31, further comprising reverse translating the sequence of a 
respective parent polypeptide or a segment thereof to provide a nucleic acid sequence 
encoding said parent polypeptide or said segment. 

35. The method of claim 34, wherein an amino acid of a respective parent polypeptide 
sequence is reverse translated to provide a codon, which has higher translational efficiency 
than other synonymous codons in a cell of interest. 

36. The method of claim 35, wherein an amino acid of said parent polypeptide sequence is 
reverse translated to provide a codon which, in the context of adjacent or local sequence 
elements, has a lower propensity of forming an undesirable sequence that is refractory to 
the execution of a task. 

37. The method of claim 35, wherein an amino acid of said parent polypeptide sequence is 
reverse translated to provide a codon which, in the context of adjacent or local sequence 
elements, has a lower propensity of forming an undesirable sequence selected from a 
palindromic sequence or a duplicated sequence, which is refractory to the execution of a 
task selected from cloning or sequencing. 

38. The method of claim 31, further comprising linking a spacer oligonucleotide encoding 
at least one spacer residue between segment-encoding nucleic acids. 

39. The method of claim 38, wherein spacer oligonucleotide encodes 2 to 3 spacer 
residues. 

40. The method of claim 38 or claim 39, wherein the spacer residue is a neutral amino acid. 

41. The method of claim 38 or claim 39, wherein the spacer residue is alanine. 

42. The method of claim 31, further comprising linking in the same reading frame as other 
segment-containing nucleic acid sequences at least one variant nucleic acid sequence 
which encodes a variant segment having a homologous but not identical amino acid 
sequence relative to other encoded segments. 
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43. The method of claim 42, wherein the variant segment comprises conserved and/or non- 
conserved amino acid differences relative to one or more other encoded segments. 

44. The method of claim 43, wherein the differences correspond to sequence 
polymorphisms. 

45. The method of claim 44, wherein degenerate bases are designed or built in to the at 
least one variant nucleic acid sequence to give rise to all desired homologous sequences. 

46. The method of claim 31, further comprising optimising the codon composition of the 
synthetic polynucleotide such that it is translated efficiently by a host cell. 

47. A synthetic construct comprising a synthetic polynucleotide encoding a synthetic 
polypeptide comprising a plurality of different segments of at least one parent polypeptide, 
wherein the segments are linked together in a different relationship relative to their linkage 
in the at least one parent polypeptide to impede, abrogate or otherwise alter at least one 
function associated with the parent polypeptide, wherein said synthetic polynucleotide is 
operably linked to a regulatory polynucleotide. 

48. The synthetic construct of claim 47, further including a nucleic acid sequence encoding 
an immunostimulatory molecule. 

49. The synthetic construct of claim 48, wherein the immunostimulatory molecule 
comprises a domain of an invasin protein (Inv). 

50. The synthetic construct of claim 48, wherein the immunostimulatory molecule 
comprises the sequence set forth in SEQ ID NO: 1467 or an immune stimulatory 

. homologue thereof. 

51. The synthetic construct of claim 48, wherein the immunostimulatory molecule is a T 
cell co-stimulatory molecule. 

52. The synthetic construct of claim 48, wherein the immunostimulatory molecule is a T 
cell co-stimulatory molecule selected from a B7 molecule or an ICAM molecule. 

53. The synthetic construct of claim 48, wherein the immunostimulatory molecule is a B7 
molecule or a biologically active fragment thereof, or a variant or derivative of these. 
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54. The synthetic construct of claim 48, wherein the immunostimulatory molecule is a 
cytokine selected from an interleukin, a lymphokine, tumour necrosis factor or an 
interferon. 

55. The synthetic construct of claim 48, wherein the immunostimulatory molecule is an 
immunomodulatory oligonucleotide. 

56. An immunopotenti ating composition, comprising an immunopotentiating agent 
selected from the synthetic polypeptide of claim 1, the synthetic polynucleotide of claim 30 
or the synthetic construct of claim 47, together with a pharmaceutically acceptable carrier. 

57. The composition of claim 56, further comprising an adjuvant 

58. A method for modulating an immune response, which response is preferably directed 
against a pathogen or a cancer, comprising administering to a patient in need of such 
treatment an effective amount of an immunopotentiating agent selected from the synthetic 
polypeptide of claim 1, the synthetic polynucleotide of claim 30, the synthetic construct of 
claim 47, or the composition of claim 56. 

59. A method for treatment and/or prophylaxis of a disease or condition, comprising 
administering to a patient in need of such treatment an effective amount of an 
immunopotentiating agent selected from selected from the synthetic polypeptide of claim 
1, the synthetic polynucleotide of claim 30, the synthetic construct of claim 47, or the 
composition of claim 56. 

60. A computer program product for designing the sequence of a synthetic polypeptide 
comprising a plurality of different segments of at least one parent polypeptide, wherein the 
segments are linked together in a different relationship relative to their linkage in the at 
least one parent polypeptide to impede, abrogate or otherwise alter at least one function 
associated with the parent polypeptide, said program product comprising: 

- code that receives as input the sequence of said at least one parent polypeptide; 

- code that fragments the sequence of a respective parent polypeptide into 
fragments; 

- code that links together said fragments in a different relationship relative to their 
linkage in said parent polypeptide sequence; and 



WO 01/090197 



- 141 - 



PCT/AU01/00622 



- a computer readable medium that stores the codes. 

61. The computer program product of claim 60, further comprising code that randomly 
rearranges said fragments. 

62. The computer program product of claim 60, further comprising code that links the 
sequence of a spacer residue to the sequence of said at least one parent polypeptide or to 
said fragments. 

63. A computer program product for designing the sequence of a synthetic polynucleotide 
encoding a synthetic polypeptide comprising a plurality of different segments of at least 
one parent polypeptide, wherein the segments are linked together in a different relationship 
relative to their linkage in the at least one parent polypeptide to impede, abrogate or 
otherwise alter at least one function associated with the parent polypeptide, comprising: 

- code that receives as input the sequence of at least one parent polypeptide; 

- code that fragments the sequence of a respective parent polypeptide into 
fragments; 

- code that reverse translates the sequence of a respective fragment to provide a 
nucleic acid sequence encoding said fragment; 

- code that links together in the same reading frame each said nucleic acid 
sequence to provide a polynucleotide sequence that codes for a polypeptide sequence in 
which said fragments are linked together in a different relationship relative to their 
linkage in the at least one parent polypeptide sequence; and 

- a computer readable medium that stores the codes. 

64. The computer program product of claim 63, further comprising code that randomly 
rearranges said nucleic acid sequences. 

65. The computer program product of claim 64, further comprising code that reverse 
translates an amino acid of a respective parent polypeptide sequence to provide a codon, 
which has higher translational efficiency than other synonymous codons in a cell of 
interest. 

66. The computer program product of claim 63, further comprising code that reverse 
translates an amino acid of a respective parent polypeptide sequence to provide a codon 
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which, in the context of adjacent or local sequence elements, has a lower propensity of 
forming an undesirable sequence that is refractory to the execution of a task. 

67. The computer program product of claim 63, further comprising code that links a spacer 
oligonucleotide to one or more of said nucleic acid sequences. 

68. A computer for designing the sequence of a synthetic polypeptide comprising a 
plurality of different segments of at least one parent polypeptide, wherein the segments are 
linked together in a different relationship relative to their linkage in the at least one parent 
polypeptide to impede, abrogate or otherwise alter at least one function associated with the 
parent polypeptide, wherein said computer comprises: 

(a) a machine-readable data storage medium comprising a data storage material 
encoded with machine-readable data, wherein said machine-readable data comprise the 
sequence of at least one parent polypeptide; 

(b) a working memory for storing instructions for processing said machine-readable 
data; 

(c) a central-processing unit coupled to said working memory and to said machine- 
readable data storage medium, for processing said machine readable data to provide said 
synthetic polypeptide, sequence; and 

(d) an output hardware coupled to said central processing unit, for receiving said 
synthetic polypeptide sequence. 

69. The computer of claim 68, wherein the processing of said machine readable data 
comprises fragmenting the sequence of a respective parent polypeptide into fragments and 
linking together said fragments in a different relationship relative to their linkage in the 
sequence of said parent polypeptide. 

70. The computer of claim 68, wherein the processing of said machine readable data 
comprises randomly rearranging said fragments. 

71. The computer of claim 68, wherein the processing of said machine readable data 
comprises linking the sequence of a spacer residue to the sequence of said at least one 
parent polypeptide or to said fragments. 
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72. A computer for designing the sequence of a synthetic polynucleotide encoding a 
synthetic polypeptide comprising a plurality of different segments of at least one parent 
polypeptide, wherein the segments are linked together in a different relationship relative to 
their linkage in the at least one parent polypeptide to impede, abrogate or otherwise alter at 
least one function associated with the parent polypeptide, wherein said computer 
comprises: 

(a) a machine-readable data storage medium comprising a data storage material 
encoded with machine-readable data, wherein said machine-readable data comprise the 
sequence of at least one parent polypeptide; 

(b) a working memory for storing instructions for processing said machine-readable 
data; 

(c) a central-processing unit coupled to said working memory and to said machine- 
readable data storage medium, for processing said machine readable data to provide said 
synthetic polynucleotide sequence; and 

(d) an output hardware coupled to said central processing unit, for receiving said 
synthetic polynucleotide sequence. 

73. The computer of claim 72, wherein the processing of said machine readable data 
comprises fragmenting the sequence of a respective parent polypeptide into fragments, 
reverse translating the sequence of a respective fragment to provide a nucleic acid 
sequence encoding said fragment and linking together in the same reading frame each said 
nucleic acid sequence to provide a polynucleotide sequence that codes for a polypeptide 
sequence in which said fragments are linked together in a different relationship relative to 
their linkage in the at least one parent polypeptide sequence. 

74. The computer of claim 72, wherein the processing of said machine readable data 
comprises randomly rearranging said nucleic acid sequences. 

75. The computer of claim 72, wherein the processing of said machine readable data 
comprises reverse translating an amino acid of a respective parent polypeptide sequence to 
provide a codon, which has higher translational efficiency than other synonymous codons 
in a cell of interest. 
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76. The computer of claim 72, wherein the processing of said machine readable data 
comprises reverse translating an amino acid of a respective parent polypeptide sequence to 
provide a codon which, in the context of adjacent or local sequence elements, has a lowo- 
propensity of forming an undesirable sequence that is refractory to the execution of a task. 

77. The computer of claim 72, wherein the processing of said machine readable data 
comprises linking a spacer oligonucleotide to one or more of said nucleic acid sequences. 
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Full length -17000 bp 



T 



Xbal'BamHI Sall/Xhol destroyed Xhol Intact 

Cassette A -5600 bp Cassette B ~5600bp 



Xbal # BamHI 



Sail" 



=H fcz 





BglllEcoRIXhol* Xbal*BamHI BglllEcoRISair 



Xhol 



\Xhol 



BglllEcoRISair 
Cassette C -5800bp 

|L " 1 

| Xhol BglllEcoRISair 
Xbal*BamHI - 



Full length construction after cloning the cassettes into pBS 
Sites marked with a are in the pBS MCS 



Cassette Extras (Can be removed from cassette ends) 

* 

A (37bp) BamHI/Kozak Start Sail Stop Bglll EcoRI 

5* gc ggatccacc atg ....gtcgac tga agatct gaattc gc3* 

B(43bp) BamHI/Kozak Start Xhol Xhol Stop Bglll EcoRI 

5' gc ggatccacc atg ctcgag ctcgag tga agatgt gaattc gc3' 

C (37bp) BamHI/Kozak Start Xhol Stop Bglll EcoRI 

5' gc ggatccacc atg ctcgag... tga agatct gaattc gc3' 
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Cassette Construction 

I 



Full Length 5687bp 



A1-A4 3330bp 



A5-A8 2500bp 



Subcassettes 

I A1/A2 1670bp 



XbaL. Spel 



H I- 



A3/A4 1670bp 



Nhel Spel 
Spel/Xba! Avrll/Nhel 



^ h 



A5/A6 1670bp 



Xbal Spel 



Avrll/Nhel 



-| | A7 840bp^ 



Xbal Nhel 



Subcassette Extras (Can be removed 
SCI (A 28bp, B/C 34bp) 

As for 5' of Cassettes 



SC2 



SC3 
SC4 
SC5 
SC6 



(28bp) 
5' 

■<28bp) 

(28bp)* 
5' 

(28bp) 
5* 

(28bp) 
5' 



BamHI Xbal 
gc ggatcc tctaga. 

BamHI Spel 
gc ggatcc actagt. 

BamHI Nhel 
gc ggatcc gctagc. 

BamHI Spel 
gc ggatcc actagt. 

Bamfll Nhel 
gc ggatcc gctagc. 
For Cassettes A and B only 
SC7 (37bp) BamHI Nhel 

5' gc ggatcc gctagc. 
For Cassette C only 
SC7 (28bp) BamHI Nhel 

5* gc ggatcc gctagc. 
SC8 (31bp) BamHI Xbal 

5 1 gc ggatcc tctaga. 



from cassette ends) 

Spel EcoRI 
actagt gaattc gc 3* 

Nhel EcoRI 
gctagc gaattc gc 3 ' 

Avrll EcoRI 
cctagg gaattc gc Q ' 

Xbal EcoRI 
tctaga gaattc gc 3 ■ 

Avrll EcoRI 
ccatgg gaattc gc 3* 

Xbal EcoRI 
tctaga gaattc gc 3 ' 



As for 3 ' of Cassettes A/B 



Spel EcoRI 
.actagt gaattc gc 3\ 



As for 3 ' of Cassette C 
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Kozac 



BamHI 
I 




env 185-214(149) 



70 



80 



Start 30 40 

kT(|AC AGGCCCTTGC AMAA ACGTC A GCWCCGTG C AATGC ACACAC GG AATCARACCCGTCGTGTCC A C 
wjTGTCCGGGAACGTKTlTCCAGTCGWG^ 

" ' "* " " " " " " ' Q C T H G I X P V V S T> 



90 



M'TGPCXNVSXV 
100 110 120 



130 



CCAACTGCTCCTCAA' 
CGTTGACCAGGACTTACCGAGGGAI 



gag 76-105 (6) 



160 



.GCCTCTWCAATACCRTCGCCACACKnramXCT 

WGTTATGGYAGCGGTGTGACACCACGCAGGTGGTTTCCTAACTSC 



Q L L L N G S L X S L X N T X A T LWCVHQ R I X> 
170 180 190 200 210 220 po | 31-60(36) 



TCAKGGACACAAAGGAAGCCCTCGACAAAA' 
AGTYCCTGTGTTTCCTTCGGGAGCTGTTTTAGCT 
VXDTKEALDK I B 1 L 



TCGGCGATGGCGGAGCCGCTGAWA 
lGCCGCTACCGCCTCOTCGACTWTCCGTTCCGTGGAjGGTCGAGG 
GDGGGAXRQGTS S S> 



250 



260 



270 



280 



290 



300 



310 



320 



YTCA RCTTTCCACAAATCACACTGTGGCAAAGGCCTCT 
RAGTYGAAAGGTGTTTAGTGTGACACCGTTIXXXSGA^ 

xxfpqitlwqrplvt'epfrxxnpxmvi> 



pol 316-345 (55) 350 



360 



370 



380 



390 



400 



TTACCAGTACATGGACGATCTGTATGTGGGAAGCGAT^ 
AATGGTCATGTACCTGCTAGACATACACCCTTCGCTAGACCTTTAG^ 

H ' P T T 



YQYHDDLYVG S D L E I G Q 

«o pol 361-390 (58) *so 



460 



D K K H> 
470 480 



AAAAGGAACCACCATTCCTCTGGATCGGATACGAA 
TTTTCCTTGGTGGTAAGGAGACCTACCCTATGCTTGACGTAGGGCT 

O K E PP FLHMGY E I. H P D R W T V Q p'x X F P Q> * 



490 



500 



pol 46-75 (37) 



ATTACCCTCTGGC 

TAATGGGAGACCGTCGCAGGGGAGCACTGTYAGTTTTJ 
ITLWQRPLVTX KICGQ 



570 



5B0 



590 



530 540 550 560 

* * * i * 

' AWAGAGGCTCTGCTCGACAC AGGCTCCY A 
rAGTWTCTCCGAGACGAGCTGTGTCCGAGGRT 
L X E A L L D T G 1 S X> 

tat 46-75 (121) 620 fi30 640 



ATCACCAATACCCTATCYCTGAGCAACCCC 
R K K R R 0 R RXA PQSXXDHQY P I XE Q P> 



650 



660 



670 



680 



po! 1-30 (34) 



710 



720 



TCYCdTTCTlTAGGGAAAACCTGGCTTTCCMGC^ 
AGRGQAAGAAATCCCTTTrCGACCGAAAGGKCGTTCCAYTTC^ 

lx'ffrenla FXQGXAREFXSBQTXAHS> 



730 



740 



750 



rev 106-122 (131) 



spacers soo 



YCCRCCTCCAGGAAGAGCCCCCAAATCTCCGGCGAAAGCTCCGYCRTT^ 
RGG YGGAGGTCCTTCfrCGGGGGTTTAGAGGCCGCTTTCG AGGC RGYA 
X X S R k's PQISG essxxlgxgtk 




t 

A1 
join 



810 



820 



830 



gag 91-120 (7) 860 



870 



raAGAATCGAWGTGARAGATACCAAAGAGGCTCTGGATAAGATTG^ 

^TCTT AGCTWCACTI^TCTATGGTTTCTCCGAGA c ctattctaactcctccwcgttttsttttcgktc gttttc tgtgttg 
' r ixvxotkeal dkibexqxksxqkto> 



880 | 



890 



900 



910 



«o pol 601-630 (74) 95D 



960 



AGGCTGCCGCTftAAGC 
TCCGACGGCGAjrTTCGGCCTATGCAGTOXTATC 

Q A A A I K A G ¥ V TDR GRQKXXSLT XT TM Q K> 



FIGURE 15 
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970 9B0 990 1000 1010 



env 46-75 (140) 1040 



ACCGAACTGCAWGCCATTCAMSAMGCCW^ACCACACTGTl-ITCCGC 
TGGCTTGACGTWCGGTAAGTKfcTKC^^ 
TEI»XAIX , XAXTTLPCASDAKAXXTEVH> 

1050 1060 1070 1080 1090 DOl 76-105 (39) 1120 

* *■ * * * * 

caatgtgtgggccacacacgcttgcgtcccJgctgacgatacagtc 

GTTACACACCCGCTGTGTGCGAACGCAGGCOCCACTGCT 

N V W A T H A C V P*A DDTVLEXXNLPGXWK> 

1130 1140 1150 1160 1170 1180 1190 1200 

* 4 * # # * * + 

CTAAGATGATTGGCGGAATCGGCGGATTC 
GATTCTACTAACCGCCTTAGCCGCCTAAGT^ 

PKMIGGIGGFIKVR , XIGPBNPYNTPXF> 

pol 196-225 (47) 1230 124 ° 125 ? 1260 127 ° 1288 

GCTATCAAGAAAAAX^^CTCCACCAAATGGAGAAAGCTCGTGGATTTCA 
CGATA l/I "lHJ*lTrTTTCCTGAG G TGGTTTACCTCTTT 
- AIKKKDSTKWRKLVDPR'XRIIXILYQ S> 

1290 rev 16-45 (125) 1320 1330 1340 1350 1360 
* * * * * * » * 

CAATCCCTATCCTAGCTCCGAAGGCWCCAGGCAARCCAGAARGA^ 




1370 1380 env 525-554 (171) 1410 1420 1430 



1440 



ATAGGTCCGTGAGACTGGTCARCCCATTCTYAGCCCT^^ 
TATCCAGGCACTCTGACCAGTryGCCTAAGARTC 

D R S VR L V X G F X A LA W DDL RXLC LP'X M I»> 

1450 1460 ' 1470 env 31-60 (139) 1500 1510 1520 

TGGGTCACCCTCTACTATGGCGTCCCCGTC 

ACCCAGTGGCAGATGATACCGCAGGGGCAGACCTCTCTSCGAYK 
WVTVYYGVPVWRXA XTT E* FCAS DA K A X> 

spacers 1550 i56o rev 1-30 (124) 1590 1600 



C GCTGCC ATGGCTGGCAGAAGCGGCRRCACAGACGAAGAGCTXTCTGARG 
qCGACGC rACXTGACX:GTCTTCGCCGYYGTGTCTGCTTCTC 

AAMAGR5GXTDEE LLXAXRIIXILYQ> 



1610 1620 1630 1640 1650 vif 16-45 (101) 1680 



A2 



CCAACCCTTACCCTTCCfpg^^ 

GGTTGGGAATGGGAAGC ^^^^ ACTYTTAGTCTTGGACCTTSTCGG^ JOin 
SNPYPSASMXIRTWXSLVKHHMXISKK> £3 



1690 1700 1710 1720 1730 1740 1750 1760 

* * * * * # » * 

GCCAAWGGCTGGTTCTATAGGCATCACTWTGAsl^GTCCGAGSTC 
CGGTTVTCCGACCAAGATATCCGTAGTGAWACTSpTC 
AXGWFYRHHXX'E SB XVXQ I I E X LI KKE> 

pol 661-690 (78) 1790 1800 1810 1820 1B3 J 1840 

AARGGTCTACCTAKCATGGGTACCAGCCCAGAAGGGAATCGG* CAAACCAAAGAGCTCCAGAAMCAGATTMYCAAAATCC 
TTYCCAGATGGATMGTACCCATGGTCGGGTGTTCCCTTAGCCI G rrT G GTTTCTCGAGGlVin' l Uj'l C TAAKRGTTTTAGG 
XVY LX WVPAH KG Ig'qTK E LQXQ IXK I> 

i fl5 ° pol 91 6-945 (95) 1880 1890 1900 1910 1 920 

AAAACTTTAGCGTCTACTATAGGGAraGCAGAG^ 
TTTTGAAATCCCAGATGATATCCCTATCGTCTCTGGGAKAGAC^ 

QMPRVYYRDSR DPXWKGP KSXEE I W X M> 
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1930 env 405-434 (163) i960 1970 1980 1990 2000 

ATGACATGGATKSAGTGGGAGAGAGAGATTAGCAATTACACAARCCWAATCTATRW^TTC^ 
TACTGTACCTAJfSTCACCCTCTCTCTCTAATCGTTAA 

v t r ' -v 



gag 451-480 (31) 2050 2060 2070 



2080 



CCCTCCCGCTGACARTTTCRGA3TCGGTGAGGAAACTAC 

GGG AGGGCGAC TCTY AAAG YCTAAGCC ACTCC TTlt^TGTGGGAGGGKTTTCGTTCTCG KTTTCCTATTCCTuGTTATGC 
P P A E X FXFG BETT PSXKQEXK DKE Q Y> 

2090 2100 2110 po| 106-135^41) 2140 2150 2 * 60 

* * * r 17 * * • * 

ATCAGATTHTTATTCAGATrrGCGCCAAGAAAGCTATTGGTACAG 
TAGTCTAAJCAATAACTCTAAACGCCGTTCTTTCG^ 

DQIXIEICCKKAICTVLVGPTPVNI I C> 

2170 21B0 2190 2200 VDr 46-75 {11 5) 2230 " 2240 

I * * * * " » ' * «. 

AG^TTTACGAAACCTATGGCGATACCTGGGAGGGCGT^ 

TCllTAAATGCrrrGGATACCGCTAlt^ 

R I - Y E T Y Q D T W E G VE A L X R X I» Q Q . L X F X H> 

22SO 2260 2270 2280 2290 tat 31 -61 (1 20) 2320 

• * * * * » ' * 

TTTCAGAATCXSGApGTTWTC ATTGCCAA STGTG , l B J"l"iXnx: ACC AAAGGTCTCGGCATTAGC Y ACGGAAGGAAAAAGAGAA 
AAAGTglTOGCCTOCAAWAGTAACGGTTSACACAAAAGAGTG ^ 

F R I G ! C XHCQXCFLTKGLGISX GRRXR> 



2330 2340 Spacers 2370 2380 tat 1-30 (118) 



RACAGAGAAGGSGAGCTCCCCA/ GCTGCC ATGGACCCCGTGGACCCCAA5CTGGAGCCTTGGAAWCACCCTGGCTCCCAG 
YTGTCTCTTCC SCTCGACGCGT1 CGACGC rACCTGGGGCACCTGGGGTTSGACCTCGGAACCTT%#GTGGGACCGAGGGTC 
X QRRXA P Q A A H DPVO PXLE PWXH PG S Q> 



2410 2420 2430 2440 2450 2460 2470 2480 



t 



* 



CCTAMGACAGCCTGTWiCAAATGCTATTGCAAAAAGTG A3 
GGATKCTGTCGGACA»nCGrrTTACGATAACGTTTTTCAC ^ | 0 | n 
PXTACXKCYCKKCPSBETTPSXKQEXK> J ^ 

gag 466-495 (32) 2510 2520 * 2530 2540 2550 2560 

AGACAAAGAACVCTACCCCCCTTYAGCCAGCXntZAA 

DKEXY PPXASLKS LFGN D * NFNMWKNX> 

2570 env 91-120(143) 2600 2610 2620 2630 2640 

* * * * * * I * *■ 

TGGTGGAMC AGATGC AMGAAGAC RTTATCTC ACTATGGG ACCAAAGCCTCAAGCCTTGCGTCAA 
ACCACCTKGTCTACGTKeTTCTGYAATAGAGTGATACCCTGGTTTC 

MVXQMXEDXI S LW D Q S h K PCVK I* D V G D> 



26so 2660 po 1 256-285 (51) 2650 2700 2710 



2720 



GCCTATTTCTCCGTGCCTCTX^TRAARRCT^ 
CGGATAAAGAGGCACGGAGACCTAYTTYYGAAGTCTTTCATAT 
AYFSVP LDXX FRKYTAPTI PSXNNe'qIp- 

2730 2740 2750 pof 751-780 (84) 2780 2790 2800 



GAAAGGCGAAGCCATSCATGGCCAAGTGRATTGCTCACCAGGCATTTG^ 
CTTTCCGCTTCGGTASGTACCGGTTCACYTAACGA 

KGEAX HGQVXCSPGIWQ LDCTH LEGK> 

2810 2820 2830 2640 DOl 166-195 (45) 2870 2880 

TTA TG CCTAAGGTCAAGC AATGGCCTCTGACAGAGGA AAAGATTAAGGCTCIGACT^ AMAGAGATGG AGVA A 
AATAGGGATTCCAGTTCGTTACCGGAGACTGTCTCX^^ 

X I P K V K QWPLTEBK I KALTXIC X B M E X> 
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2BS0 2900 2910 po| 33^350 ( 5 6) 294 ° 295 ? 296 ? 

GAGGGAAAGATTAGuATGGATGACCTCTACGTC 
CTCCXTTTTCTAATCOTACCTACTG^ 

EG KI s'mDDLYVGSDLEIGQHRXKI BE L> 



2970 2980 2990 30OO p(j| g^^g ^ 3030 30,0 



CAGGSMACACCTCCTGARATGGGGflCTCACCGAMACCACAAAC^ 
GTCGSKTGTGCAGGACTYTACCCX^aGAGYGGCTirr 

R X H L L X W G 1 L TXTTNQRT ELXAIXLA L> 



3oso 3070 3080 3090 po I 796-825 (87) 312 ? 



AAGACTCCGGCTY AGAGGTCAACATTGTGAjCAGAQATTCCCGCTC AG 
TTCTGAGGCCGARTCrcCAGTTGTAACACTGTCrdTAAG 

Q DSGXBVttl V T D ' I PAETGQBTA Y P XL K> 



3130 3140 1150 3160 3170 3180 319D 3200 

» * * * * . • * • * 

CTGGCTGGC AGATGGCCTGTGARAR YCATTC ACAC AGA SWGCATCTGCT 
GACCGACCGTCTACCGGACACTYTYRGTAA G T G T G TCTt>TTACCQTCCTC 

LA G R W P V X X^T HTDN G R T K I E EL R X H L L> . 

pol 346-375 (57) 323 ° 3240 3250 3260 3270 3280 | 

■ * * * » * * 

CARATGGGGCTTCACAACCCCTGACAAAAAGCATCAGAAAGACCCTC /*4 

GTYTACCCCGAAGTCTTGGGGACTGTTTTTC JO in 
XWGFTTPDKKRQKEPPPLS5VKKLTE>'A5 

3290 vif 166-192(111) 3320 3330 ^SpacefS 33 60 ^ 



ATARGTGGAACRAACCCCAGAAAAYCAAGGGACRCAGAGRAAATCACACAATGAATGGCCA'I SCTGCC \CAGAGTCCCAG 
TAT YC ACCrTG y T'lGGGGTCTl*I i *l'R< J M 'l"l'C CCIX^GTCTCYTTTAGTGTGTT ACTTACCGGT7 CGACGC rGTCTCAGGGTC 
DXWNX PQKXKGXRXNHTMNGHAATES Q> 



3370 3380 en v 435-464 (165) 3410 3420 3430 3440 

» * »** * * * 

AATCAGCAAGACAGAAACGAAMAGGAMCTGCTGGMGCTCGACAAATC 

NQQDRNEXXLLXLDKWASLWNWFXI r D> 

3450 3460 3470 gag 121-150 (9) 3500 3510 3520 

CACCGGAARTAGCTCCMAAGTGTCCCACAATTA 

GTGGCCTTY ATCGAGGXTTCACAGGGTCTTAATGGGATAGCAGGTCT^ 

TGXSSXVSQNYPIVQNXQGQMVHQXX> 

3530 3540 3550 3560 en V 480-509 (168) 359 J 3600 



C CCCC AGrtC TCRTC GGACTGAGAATCRT1^CUC1X> JXX 'LI. AGCATTRTCAATAGGGtCAGGCAAGGCT ATAGCCCTCTG 
GGGGGTCBGAGYAGCCTGACTCTTAGYAAAAGCGACACGAGTCGTAA Y AGTTATCC CAGTCCGTTCCG ATATCGGGAGAC 

S pr'lxglrixfavlsixnrvrqgyspl> 

3610 3620 3630 3640 3650 Vif 106-135 (107 3680 

TCCTTCCAAACCCTCMYOCTCATC 

AGGAAGGTTrGGGAGKROGAGTAGGTAGACRTVATGAAA 

s fqtlx'li HLXYPD CFXDSXIRRAILO 

3690 3700 3710 3720 3730 3740 3750 3760 

ACASAKAGTGAGMAGGAGATGCGAATAC|GCTGTGGGAMTCX^ 
TGTSTKTCACTCKTCCTCTACGCTTATGCGAC 

X XVXRRC EY'A VGXGAHXXGFLG AAG S> 



env 300-329 (156) 



3790 3B00 3810 3820 3830 3840 



CCATGGGCGCTGCCTCCATSACACTGACAGTGCAAGCOT 
GGTACCCGCGACGGAGGTASTGTGACTGTCACGTTCG^ 

TMGAASXT LTV Q A ' Y DPS K DLXAE I Q K Q> 
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pol 466-495 (65) 



3880 



3890 



3900 



3910 



3920 



GCTCAGGRTCAGTGGACATWTCftGATT 
CCAGTCCYAGTCACCTGTAWAGTCTAAAWGGTTCTCGGAAA 
GQXQWTXQI XQEP FKN'GTVLVGPTPV N> 



3930 p 0 | 121-150 (42) 396 ° 



3970 



3980 



3990 



400O 



CATCATCGGAAGGAACMXX3CTGACACAGMTTGGCYGCAC CCTCAACTTTCCCATTi 
GTAGT AGCCTTCCTTGKACGACTGTGTC KAACCGRCGTGGG AGTTGAAAGGGTAA' 
Z IGRNXIfTQ X G X T L N 




4010 



402 J pol 301-330 (54) 40S ? 



P P I S K G 
4060 



iTCTTTC 

TTTCCGTCCGGACGATAGAAAG 
S P A I P> 



4070 



4080 



AGTCC AGCATGMC AMAGATTCTGG AGCCTTTTA GG A WAMAAAACCCTGAS ATGGTC ATCTATCAGTA'^^^M^MC CTCTG 
TCAGGTCGTAC K GTKTCTA A G AC CTC GGAAAATC CTVTTK TTTTGGCACT ST ACCAGTAGATAGTCATJ^^^I^^CGAGAC 
Q S S M X X I LBPFRXXNPXMVIYQYPSPL> 



4090 



4100 



4110 net 136-165 (188) 



4150 



4160 



ACATTCGGATGGTGTTTCAAACTGGTCCCCGTGGACCCCAGSGAAGTGGAAGA 
TGTAAGCCTACCACAAAGTTTGACCAGGGGCACCTGG 
TFGWCFR I# V P V D PXEVEEXNXGENNC L> 



4170 



4180 



4190 



4200 



pol 271-300 (52) 



4230 



4240 



TAGGAAATACACAGCCTTTACCATTCCCTCCAYCAATAACGAAACC^ 
GKSAdAAATCCTTTATGTGTCGGAAATGGTAAGGGAG 

L FRKYTAFT IPSXHNETPG IRYQYH V> 



4250 



4260 



4270 



4280 4290 en v 315-344 (157) "20 



TCCCTCAGGGATGdGGAAGCACAATGGGAGCCGCCAGCATKACCCTCACCG 
ACGGAGTCCCTAC<jcCTTCGTGT TA CCCTCGGCGGTCGTAWTCGGAGTGGC 

L P Q G W' G 5 TMGAA SXTLTVQ.ARX L L SGI> 



4330 



4340 



4350 



4360 



*370 pol 451-480 (64) **o° 



gtccagcaacagarcaatctgctJgmggagaatagggaaatcctc 

rAGACGAdCKCCTCTTTVTCCeTTTAGGAGTYTCTCG 
Ef L I» X E N 



V Q Q Q X N 



4410 



4430 



R E I 
4440 



LXBPVHCVYYDPS> 

4450 ypu 61-81 (136) 



cajvggatctgrtcgctgaartccaaaagcaaggJa 
gttcctagacyagcgacttyaggtttttcgttcccj^ 
kdlxabxqkog'xe 



spacers 4510 



ELSXXVDHGNYDL> 

4520 4530 vpr 61-90 (116) 456 J 

gagtggacaataacct^gccgctJattagaaycctgcaacagctx^mt 
ctcacclgttattggaqcggcg^ftaatcttrggacgttgtc 

irxlqqlx pxhfrigc x h s> 



V D N N 
4570 



4580 



AGGATTGGC ATCM YC CGTC AG AG AAGGGSCAG 
TCCTAACCGTAGKRGGCAGTCTCTTCCCSGTC 
RXGIXRQRRX 

4650 4660 4670 



4590 4600 4610 gag 406-435 (28) 4640 

TCCCAGGAAAAAGGGATGCTGGAAGTGTGGCARAGAGGGACACCA 
•ACGACCTTCACACCGTYTCTCCCTGTGGT 



R'APRKKGCWKCGXB 



4680 



4690 



4700 



4710 



G H Q> 
4720 



* • ■ w . w 

GATGAAGGATTGCACTGAGAGACAGGCTAACTTTCTGGGAAAGG^ 
C TACTTCCTAACGTG ACTCTCTGTCCG ATTGAAAGA 

MKO CTERQANFDGK ,V * OT 



vif 61-90 (104) 



4750 



4760 



X A R L X I 
4770 4780 



X T Y W 
4790 



G l> 
4800 



ATACCGGTGAGAGAGACTGGCASCTCGGCCAWGGCGTCAGCA* 
TATGGCC ACTCTCTCTGACCGTSGAGCCGGTWCCGC AGTC GTAACTG 
HTGERDHXLGXGVS 



.ttgagtggagJayaagggaaagggc 
•aactcacctc()trttccctttcccg 
iewr'xrera 
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vdu 46-75 (135) 4630 4640 4850 4860 4870 4680 

' * ' * * ♦ * » * 

AATTnAAAGCGAAGGCGACASAGAAGAGCTCAGCRCAW^ /\5 
TTCCT^^GCTTCCGCTGTSTCT-rCTCGAG^ 
NESEGDXEELSXXVDMGNYDLSS PAP R> 



4890 env 510-539 (170) 4920 4930 4940 4950 



4960 

GGG ACCCGATAGGC Y GG RGRGAATCGA AGAGGAAGGCCGAGAGC RAG RCAG.AGRCAG AAGCGTCAGGCTCGTGARTGGU A 

gpdrxxxieeeggbxxrxrsvrlv xgJ 



4970 4980 net 151-180 (1 89) 5010 5020 503 0 5040 

GWG AGGTCGAGGAAR YCAATRAGGG AGAG AATAACTGTCTGCTCC^ S 
CWTCCAGCTCCTTYRGTTAYTCCCTCTCTTATTGACAGACGAG 

X E VEEXNXGE N.N CLLH PXXXHGME DE X> 

5050 5060 5070 pol 961-990 (98) 5100 5110 Sl2 ° 



agagaggtuaatagcgatatcaaagtggtccccagaa ggaaagcc aaaatcattagggattacggaaagcaaatggctgg 
tc^rctccaattatcgctatagtttcaccaggggtc 
rbv'nsdikvvprrkakiirdygkqmao 



5130 5140 5150 5160 DOl 16-45 (35) 5190 "00 

* * * * * * * 

CGKICACTGTGTCGCCRGqTTCYCTTCCGAGC 

GCKACTGACACACCGGY CQAAGRGJUMSGCTCGTTTGT YCCCGATTGAGGRGA YG1T C GTCTTTCGACCCTCTGCCTCCGC 
XDCVAX'FXS EQTXAN SXXSRKLG DGG> 

5210 5220 5230 5240 5250 gag 390-420 (27) " 8 ? 

G AGCCGASAGACAGCGAACAAGCTCCAG<jTGTTTC AATTGC GGC AAAGAGGGA C ACMTTGCCARAAACTGT AGGG CCCCT 
CTCGCCTSTCrGTCrCTICTrCGAGGTcdACAA^ 

G A XRQGTSS S«C F N C G K EGHXAXNC R A P> 

5290 5300 5310 5320 5330 5340 5350 5360 

* * * **** * 

CGCAAGAAAGGTTGTTGGAAATGCGGAARGGAAGGCCATCAAATO 
GCGTTCTTTCCAACAACCTTOACGCCTTYCCTTCCGGTA 
RK KGCWKCC XEG h'qmKDCTERQAN FCG> 

gag 421-450 (29) 5390 5400 5410 5420 5430 5440 

CAAAATCTGGCCCTCCMRCAAAGGCAGAC 

GTTTTAG ACCGG6 AGGKY GTTTCCG'IG TGGGCC TTTGAAAGRGGTTTCQTTKACCGAGACC ATATAGTT1T 

KIWPSXKGR PGNFXO.s'xWLWYIKIFI> 

5450 env 465-494 (167) 5480 5490 5500 5510 5S2 ° 

TGATCtyrCGGTGGACTGRTroGCCTCAGGATTRTC 
ACTAGCAGCCACCTGACYAACCGGAGTCGTAAYAGAAACGGC^ 

MIVGGLXGLRIXFAVLSIXITGAXSXDI^ 



5530 5540 



nef 31-60(181) 




GATAAACATGGCGCTMTTACAAGCTCCAATACCSCTGCCAAT GCTGCC ATGAC 

CTATTTGTACCGCGAKAATGTTCGAGGTTATGGSGACGGTTATTGSGA CGACGqTACTG 
DKHGAXT5SNTX ANNXDCXWLXA 



M T> 



5610 S«0 5630 V p u1 . 3 0(132) 5 "! 5 "? 

ACCCCVGGAGATCATCGCTATCGTCGCCYTTATCGTCGCCCTCATCMTA^ 

TGGGG ACCTCT AGTAGCGATAGCAGCG G RAATAGCA GCGGG AGTAGK ATCGGTAACACCAG ACCTGTTAGC RGAWGTAAC 
PLEIIAIVA XIVALIXAIVVWTIXXI> 



join 
A7 



t 



A7 



5690 5700 5710 5720 poM3&-165 (43) 5758 5768 

AGT A'^^^^^pAATTfTGCTC ACCCA AMT<^ GGA Y GC AC ACTGAATTTC CCTATCTCCCCCATTGAS AC AGTGCC TGTG AAA j 0 j n 

TCAT/f|ll§il™ R1 

E Y V B H XLTQXGXTLNFPISPIXTVPVK> 
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5770 s pacers ^ sboo sbio e nv 255-284 (153) 584 ? 

CTGAAACCCGGAATGGATGGC GCCGCC AYCTTTAGGCCTCGCGGAGGCRATATSARAGACAATTGGAGAAGCGAACTGTA - 
GACTTTGOGCCTTACCTACCC CGGCCC rRGA AATC CtSGACCGC CTCCGY TATASTYTCTGTTAACCTCTTCGCTTGACAT 
h K P G M D c | A A I XPRPGGGXXXDNWRSEL Y> 

5850 5860 5870 5880 58S0 5900 5910 5920 

» * *.* * » * * 

TAAGTATAAtXSTCGTGRAGATTRWXCTCTGGGARTaACATG 
ATTCATAT^^AGCACYTCTAAYTCGGAGACCCTYAQIXn'ACCT 

KYKVVXIXPLG X 1 T WIPEWBFVWTPPI^ 

pol 556-585 (71) . 595 .° 596 ° 5S ™ " 8 ? 5 "S <0 °? 

TCAAGCTATGGTATCAGCTGGAGAAAGASCCTATCGYTGGCGYT^^ 
AGTTCGATACCATAGtfCGACCTCTTTCTS^ 

VKLWYQLEKXPIXGX b'p Q D L.N X M L W X V> 

eoao gag 181-210 (13) S04 ° 605 ° 606 ° *°™ 608 ? 

GGAGGCCATCAGGCCGCTATGCAAATt^ITGAAAGASACAATCAA 
CCTtXGGTAGTCCGGCGATACGTTTACGACTTlCTSTGTTAGTTA 
GGHQAAMQMLKXTINBBA a'v L F L D G I X> 

6090 6100 pol 706-735 (81) cno ««o eiso 6i6o 
r * * L * 

caaagctcaagaggaacatgagargtatcactccaactggagga 

GTTTCGAG*rTCTCCTTGTACTCTYCATACTGAG 

KAQBEHEXYHS NWRTMAXXFN I*' X K H X> 

6170 6180 6190 gag 31-60 (3) 6220 623 °. 624 J 

TCTGGGCCTCTACGGAGCTGGAGAGATTCGC7XTGAATC 
AGACCCGGAGATtXXrrCGACCTCTCTAAGCGAGACTTAGGGYCGGA^ 

VWA S R EI.ERFAL NPXLtBTX EGCXQ I > A> 



6320 



6250 6260 6270 6280 en v 21 5-244 (151) 6310 

GAGCJUIGAGATTATCATTAGCTCCGAGAATYTCA^ 
CTCCTTCTCTAATAGTAATCCAGGCTCTrARAglGT^ 
EEEiriRSENXTXMXKTIIVXI*NXSVX> 

6330 6340 6350 6360 6370 qaq 1-30 (1) 6400 

* + * * * =J ^ * 

GATTAAc{atGGGCGCTAGGGCTAGTGTCCTO^^ 
CTAATIOTACCCGCGATCCCGATCACAGGAGTCKCCGCCGW 

I N ' HGARASVLXGCXL DAWEXIRLRPG> 

6410 6420 6430 6440 6450 net 91-120 (185) 6480 

gaaagaaaaagtataggJctcaaggagaagggaggcctg^ 
ctttctttttcatatcqgagttcctct 

GKKKYR 1 LKEKGGLXGLXYSXKRQXILD> 
6490 6500 6510 6520 6530 6540 6550 6560 



t 

B1 



CTGTGGGTGTA734AC ACACAGGGATTcE^^ - - 

GACACCTACATAKTGTCTGTCCCTAAq^ J** 1 " 
LWVYXTQGPTRWGTXILGXVXICSASX^B2 



env 16-45 (138) 



6590 6600 6610 6620 6630 6640 



SAATCTCTGGGTGACAGTGTATTACGGAGTGCCTGT 
STTAGACACCCACTGTCACATAATGCrTCACGGACAC^^ 

NLWVTVYYGVPVW R»R XLLSGIVQQQX> 

«so env 330-359 (158) 668 J 669 ° 670 ? m J 672 ? 

ACCTCCTGAGGGCTATCGAAGCCCAACAGCATC1GCTCCAGCTCACCGTCTGC GTCAGGCATTTCCCCAGGCCTTGGCTC 
TGGAGGACTCCCGArAGCTTCGGGTT G TCGT A GACGAGGTCGAGTGG^ CAGTCCGTAAAGGGGTCCGGAACCGAG 
NLLRAIB AOQHLLQLT VWVRHPPHPWL> 



! ♦ 



PITORE 15 (Cont) 



SUBSTITUTE SHEET (RULE 26) 



WO 01/090197 



PCT/AU01/00622 



70/216 



vpr 31-60 (114) 



6750 6760 6770 6780 6790 6800 



cacrrcctcggacag^acatctatgagacatacggagacacatcgk^ 
gtcyyg(»ccctotcrtctagatactctctat 

H X L G OX lYETYGDTWXGVBAtJxA L IX P> 

6810 Vlf 151-180(110) 6840 6650 6860 6870 6680. 

TRA GC CTC AAAAGA YttTAT AGCG 
AYTCGGAGTTTTCTR'ljATATCGC 
DXWNXPQKX I YS> 

6890 woo po , 901-930 (94) 6 "? 6M ? 695 ? 696 ° 

CTGGCGAAAGGATTRTCGATATCATTGCAI^G^ 
GACCGCTTTCCTAA Y AGCTATAGTAACGTWGGCTtTTAAGTC^ 

AG ERIX DI IAXDIQTK ELQXQIXK IQN> 
6970 6980 6990 pot 886-915 (93) 7020 7030 7040 



TTdGCTGTCTTCATCCATAACTrTAAGAGGAAGGGAGC 
AAOCGACACAAATAGGTATTGAAATTCTCC^^ 
P* AVPIHNFKRKGGIGGYSAGERIXDX I> 



7050 7060 7070 7080 gag 256-285 (18) 711 J 



7120 



B2 



cgccascgatatorttcccgtgggcgawatctataagagatgg^ 
gcggtsgctatag]yaagggcacccgctwtagatattctct 

A X D I 1 X P V G X IYKRWI I LGLNKIVRM Y> 

7130 7140 7150. 7160 7170 env 495-524 (169) 720 °. 

MACCCGTCAGCATrcrGCATATOAGAGTGA 

KTGGGCAGTCGTAAGACCTATAfflPCTCACTCTGTC . 
XPVSX&DX'RVRQGYSP LSPQTLXPA P R> 

7210 7220 7230 7240 7250 7260 7270 7280 

******* * 

GGCCCTGACAGACYtt3RASGCATTGAGGAAGA(t^ 

ccgggactgtctgrgcytscgtaactccttctciMsgtc 
gpdrxxxieeb'sxqdhqypixeqplx q> 

tat 61-90 (122) 731 ; 7320 733 ? 734 °. 73s ; 736 ? 

gmcaaggggagrcaatcccacagrccctraggaaagcaaaaag^^^^^Sggagtggtc^ 

" ^^^^CCTCACXrAGCTCAGGTACTTATTCCTTGACT joil) 
XRGXHPTXPXSSKKASGVVESMNXBL> 33 

7370 pol 856-885 (91) 74 °; 741 ° 742 ? 743 ° 744 J j 

aaaagattatcggacaggtcagggamcaggctgagcacctgaaaaccgctgtgcaaatg 
ttttctaatagcctgtccagtccctkgtcc^ 

k k iigqvrxqabhlktavqh'aamqmlk^ 

7450 • 7460 gag 196-225 (14) 74 '° 7500 7510 752 ° 

gawaccattaacgaagaggctgccgagtgggacagartccatcccgtccatgccggacc^ 
ctwtgctaattgcttctccgacggctcaccctxtct 

xtineeaaewdrxhpvhagpxxp'ltx i> 

7530 7540 7550 DOM 81-21 0 (46) '580 7590 7600 

* * * r * * * * * 

TT^^ AMAGAAATGGAAVAAGAAGGCAAAATCTC^ 
AACATKTCTTTACtn^ B TTCTTCCGTTTTAGAGGTYCTAACC 

C XEMEXEGK ISX I GPENPYNTPXFA 1^ 

7610 7620 7630 7640 po| 871-900 (92) 7670 7680 



AAGTGAGAGASCAAGCCGAACACCTCAAGACAGCCGTC 
TTCACTCTCTSGTTCGGCTTGTGGAGTTCTGTCGGCAGGTCTAC^ 

QVRXQAERLKTAVOMAVPIHNPKRXGO 
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7690 



7700 



7710 



7740 



7750 



77S0 



pol 211-240(48) 

ATCGGAGGcJaAAAAGAAAGATAGCACAAAGTGGAGGAAACTCGTAG 
TAGCCTCCGT1TTTCTTTCTATCGTGTTTC 
I GG'KK KDSTKW RKLVDFRELNKRTQDF> 



7770 



7780 



7790 



7800 




env 540-569 (172) 



7830 



7840 



ATG ACC TCAGG AGCCTGTGTCTGTTC AGCTATCACAGACTGA 
AGACCGaUKCCCTACTGGAGTCCTCGGACACAGACAAGTC^ 

wevolg'fxa lawddlrs lclfsyhrl> 



7850 



7860 



7870 



7880 



7890 vpr 76-96 (117) 



7920 



GAGACYTTATCCTCATCGYTGCCAGAAY<m 

CTCTGRAATAGGAGTAGCRACGGTCrrR OACGGYTGTATCGTCTTAGCCGTAGTGATCCGTTGC ATCTC SATCCTTGCCG 

ir I r Y H 



R D X 



LIXARX'CXHSRIGITRQRRXRN G> 



spacers 



7950 



7960 




KCCTO 
MGGAGGTCCJ 
X S R S| A 



™™ env 155-184 (147) 80 °o 



AAARTCWCCTTCGAMCCCATTCCCATTC^ 
CGACG<^GGGTTTYAGWGGAAGCTKGGGTAAGGGTAAGTGATAACG 

PKXXFXPIPIHYCAPAGXAIL> 



6010 



8020 



8030 



8040 



8050 



8060 



vif 76-105 (105) 

CAAGTGTAACRATAAGA>WTTCAATGGdGAAA 
GTTCACATTCYTATTCTRTCAAGTTACCG^ 

KCNXK XFNg'eXDWXLGXGVS I BWRX K> 



8090 



8100 



6110 



8120 



GSTATAGCACACAGGTGGACCCTGRCCTCGCCGATCi 
CSATATCGTGTGTCCACCTGGGACYGGAGCCGCTJ 
XYSTQVDPXIrADQP 



8"o gag 461-499 (33) Bl6 ° t 

'CTCTATCCTCCCTYAGCTTCCCTGAAAAGCCTCTTC 

TAGGAGGGARTCGAAGGGACTTTTCGGAGAAG JO in 

B4 



8170 



spacers 



SLYPPXASLK 
8200 8210 



19 D P X S Q 
8250 8260 



vif 121-150 (108) 



I* F> 
8240 



ggaaacgatccctyatccca; GCCGC1 AGAAGGGCTATCCTCQGCCAWAKAGTCAGSAGAAGGTGTGAGTATCMGKCCGG 
CCTTTGCTAGGGARTAGGGTl CGGCGA rCTTCCCGATAGGAGCCGGTIWMTCAGTCSTCTTCCACACTCATAGKCMGGCC 
AA RRAILGXXVXRRCEYXX G> 



8270 



ACACAATAACGTCGGCTCCCTGCAATAi 

tgtgttattccagccgagggacgttatggagcgtga^ 

H M KVGS LQY LAL'SQPXTAC 



83 50 



8280 8290 6300 8310 8320 

iGCCAACCCAMAACCGCTTGOmCAAGTGTTACTGTAAGAAAT 
KG 

X K C Y C K K> 
6360 8370 M | Q7C.QQt; /QQ\ . 8400 



837 °, pol 976-995 (99) 



tat 16-45 (119) 

GTKKrTWCCACTGTCAGSTCTGCTTCCTGA^ 
CAACGAWGGTGACAGTCSAGACGAAGGACTKCTIXXCTGACCCT^ 

C C X H C Q XCPl»XKGI#GI'RDYGKQMAGX D> 



8410 



spacers 



8440 



C V A X 
8490 



A A 



R Q D B D 

8500 8510 



84S ? pol 721-750 (82) 



8480 



TGTGTCGCCRGCAGGCAAGACGAAGAC GCAGCC AAGTAOCATAGC AATTGGAGAACCATGGCCARTGASTTTAACiCTCCC 
ACACACCGGYCGTCCGTTCTGCTTCTqCGTCGG^ 

K Y H S N W RTM AXX P HL P> 



8520 



8530 



8540 



8550 



8560 



CCCTATCGTCSCTAAGGAAATCGTCGCAWRTTGCGA' 
GGGATAGCAGSGATTCCTTTAGCAGCGTWYAACGCTA' 
PXVXXEIV AXCD 



ATTCACHTTGCrT 
> K C N B 



iTGGRCACTGGAACTGCTGGAGGAACTGAAAM 
riXXrrTACCYGTGACCTTGACGACCTXrCTTGACTTTK 
WXL E LLEEI»K> 



8590 



8600 



8610 



8620 



8630 



8640 



vpr 16-45 (113) 

AWGAAGCCGTGAGACACTTTCCCAGACCCTGGCTGC^ 

T^TTCGGCACTCTCTGAAAGGGTCTGGGACC GACGTACCGG AGCCAGTTGTQCTA Y AGT AATCGGAGACC CTAGTCAG G 
XEAVRH FPRPWLHGLGQH«DXIStWDQS> 
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8650 env 106-144 (1441 8680 8690 8700 8710 8720 
* * * * * * * * 

C1X5AAACC CTGTGTGAAACTGACACCCCTCTGCGTC ACCCTCAACTGTACC AATGCCAATtnt^MWG AA G AGMTACTC CA C 
GACTTTGG(yvCACACTTTGACTGTCG<^AGACGC^^ ' 
LKPCVKLTPLCVTLNCTN AN L T X K X Y S T> 

8730 8740 Vlf 91 -120 (106) 8770 8780 8790 8800 

CCAAGTCCACCCCGRTCTGCCTGACCAWCTGATTCACCTC 
GGTTCACCTGGCGCYAGACCGACTGGTWGACTAACTGCAGGTG 

QVDPXLADXLIHLHYFDCFXDSXI»HP> 

8810 8820 8830 net 166-195 (190) 8860 *870 8680 

* 1 7 * * * 

TSRGCl^ACACGGAATGGAGGATGAGGAWAGGGAAGTGCTGAWATG 

A S YCGGTtfTGTGCCTTACCTCCTACTCCTW^ S 
XXXHGH EDBXREVLXWKPDSXLAXRH X> 

8690 8900 8910 8920 pol 151-180 (44) 8550 8960 

CC ^gjiggSgl GGATAGCia^^ 

ASSPIXTVPVKLKPCMDGPKVKQWPLT> 

8970 8980 8990 9000 9010 gag 436-465 (30) 

CGAAGAGAAAATCAAAGCOATITGGCCTAGOiRCAAGGGAAGGCC^ 
GCTTCTCTTTTAGTTTCGdTA^ 

EBKIKA'iwPSXKGRPGNFXQSXPEPT> 
9050 9060 9070 9080 9090 Vjf 31-60 (102) 9120 

cacccccagccgagarctttrgattcggAttagcaaaaaggct^ 

GTGGGGGTCGGCTCTYGAAAYCTAAGCCdTAATCGTTTTT 

APPAEX FXFG'lSKKAXGWFYRHHXXS X> 

9130 9140 9150 9160 9170 9180 9190 9200 

* * * ♦ * » # «. 

CACCCTAAGGTCAGCTCCCAGGTCCACATTCCCCTCGC 
GTCGGATTCCAGTCGA/XXrrcCAGGTGTAAG 
HPKVSS EVH I P I* MMTACQGVGGPXH K> 

gag 346-375 (24) 9230 9240 9250 9260 9270 9200 



AGCCAGGGTACTGGCAGAGGCTATGTCCCAGG^ 
TCGGTCCCATGACCGTCTCCGATACAGCGTCCItCl^GlCTGCGATTC 

ARVLAEAMSQXXXAN l'p PIVXKEIVA> 



9290 pol 736-765 (83) ^20 9330 9340 9350 9360 
* # * * * » 

RCTGTGACAAATGCCAGCTCAAGGOTGAGCCTATICC^ 
YCACAC^XnTTACGGTCGAGTTCCX^CTCCCATAMGTGCCT^^ 

XCDKC Q h K G EAXHG QV XC S P^SEGX R Q X> 



9370 



9380 rev 31-60 (126) ?4io 9420 9430 9440 



AGGARGAACAGACCTAGAAGGTGGCGTGMGAGGCAAAGGCAAATCCRCKC 
TCCTYCTTGTCTGCATCTTCCACCGCACKCTCCGTTTCCGTCT 
RXNRRRRWRX RQRQIXX1SEXI iJ G Q X R> 



S4S0 9460 9470 gag 226-255 (16) ' 950 ° 9510 9520 



GGAACCCAGAGGCTCCGACATTGCCGGTACXTACAAGCACACTGCAAGAGCAAA 
CCTWXMTCTeCGAGGCTGrTAACGGCCATGG 

EPRG SD IAGT TSTLQ EQIXWMTXNP P> 

9530 9540 955.0 9560 pol 841-870 (90) 959 ? 96 °? 

RCATTMAGCAAGAGTTTGGCATTCCCTATAACCC^ 
YGTAAKTCGTTCTCAAACCGTAAGGGATATTGGCAGTC 

XIXQE FG I PYM PQSQG VVESMNKELK K> 
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9610 9620 9630 fief 106-135 (186) 9660 9670 



9680 



ATCATTGGqAGACAGGAGATCCTCGATCTCTGGGTCTACMATACCCAA 
TAGTAACCGTCTGTCCTCTAGGAGCTAGAGACrc 
i i g'rqei LDLWVYXTQGXPPDWXNYTP> 

9690 9700 9710 9720 rev 46-75 (1 27) 9750 9760 

* * * * * * 

CGCACCC(K^yCAGATAd||^ 
GCCTGGGCCTYRGTCTATa3|f§gT^ 

GPGXRYPSRXRQRO.IXXISEXII.SXX> 

9770 9780 9790 9800 9810 gag 301-330 (21) 984 <> 

* ♦ # I • * * 

TCGGCAGAYCCGCTGAGCCTGTGCCTCTGCAAC^ 
ACCCCTCTRGGCGACTCGGACACGGAGACGTTGACft 

U G R X A B PV P L Q L X K.T I* RA E Q A X Q X VK N> 

9850 9860 9870 9880 9890 9900 9910 9920 

»•-»**** * 

TGGATGACCGASACACTGCTCGTGCAAAACGCTAACCCTGACT^ 
ACCTACTGGCTSTGTGACGAGCACGTTTTGCGATTGGGACTGA^ 
WMTXTLLVQNAN P DC 1 EXVYLXWVP A HK> 



pol 676-705 (79) 



9950 9960 9970 9980 9990 10000 



AGCCATTGGCGGAAACGAACAGGTGGACAAACTGGTCAKCKCT^ 
TCCGTAACCGCITUTI^UMVIXIICACCIG^ 

GXGGNEQVDKLVXXGIR K ' t D P W P Q B X> 

iooio env 76-105 (142) 10040 10050 10060 10070 ioooo 

WTCTGGAAAACGTCACCGAGAACTTTAACATGTGGAAAA 
WAGACCTTTTCCAGTGG C ' llJ 'lTr G AAATTC 

X L E N V T EN PNMWKNXMVXQMXb'aG XA I> 

10090 10100 en v 170-199 (148) 10130 10140 ioiso 10160 
* * * * * * 

CTGAAATGCAATRACAAAAMSTTCAACGGAACTGGA^ 
GACTTTACGTTAYTGTTOCKSAAGTOXrCTTGACCTW 
LKCNXKXFMGTG PCXNVSXVQCTH g'x B> 



10170 10180 10190 en v 600-629 (176) 10220 10230 
• » » * * * * 



10240 



GCTCAAGAWrAQCGCTRTCTCCGTGCTCAACGCT 

LKXSAXSLLNATA IAVAXXTD RXI B V> 

10250 10260 10270 10280 vif 46-75 (1 03) 10310 10320 

YTCAoTCCCRGCATCCCAAACTGTCCAGCGAAGTGCATATCCCTCTGGGAGAS 
RAGTOAGGGYCGTAGGGrrTTCACAGGTCGCTTCACCT 

X Q » S X H P KVSS EVHI PLGXARLX I X T Y W> 

10330 s pacers 103 so 10370 ne f -1.30 (179) 10400 



GGCCTCCAS. 




G L X T G A A 



^TGGGCGGTAAATGGTCCAAGWCCTCCCYCGTCGGATXXSCCCGMAGT^ 



CCGGAGGTSTGTCCdCGACGJ TACCCCCCATTTACCAGGTTCWCGAGGGRQCAGCCTACCGGGCOT 



MGGKWSKXSXVGWPXVRERI> 



10410 10420 10430 10440 104SO * DOl 496-525 (67) 10430 

* * * * • r . * 

C^GACRGRCASCCCCTGCCGCTGAGGCAGTOCTC 

GTCTGYCYGTSCGGGACGGCGACTCCCTCAdGAGTTCTG^ A 
RXXXPAAEG V'l KTGKYXRXRXAHTND> * 

10490 10500 10510 10520 10530 10S40 10550 10560 56 

join 



TCARGCAACTGACAGMGGYTGTGCAAAACATTGCCACAGA< 
AGTYCGTTGACTGTCKCC RACACGTTTTCTAACGG' 
V XQLTXXVQKIATESS 



TGGGA G GSTCTGAAATACTKGKGG AATCTGCTC 
.CCcrCCSAGACTTTATGAMCMCCTTAGACGAG D/ 
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env 585-614 (175) 1Q 590 10600 10610 10620 10630 10640 

CWGTACTGGGGCCWGGAACTGAAAAWCTCCGCCimrAGCCTCCTGAATG^ 
GWCATGACCCC6GWCCTTGACTTTTVK3AGGCGGYAGTCGGAGGACTT 
X Y W G X E LK X S A XS.L LNAT A ' I X L P E K X S> 

10650 pcf 391-42O (60) 10680 10690 10700 10710 10720 , 

CTGGACCCTCAACtXRTATCCAAAAGCTC 

GACCTGGCAGTTGCTATAG^JTTTTCGAGCACCCTITCGAGTTGACCCGTA 

W T V N O I 0 K I* V6KLNWA SQ I Y X G ■ R A I E> 

10730 10740 env 345-374 (159) 10770 10780 10790 10800 

CTCAGCAACACWTGCTGCAACTGACAGTGTGGGGCATTAAGCA^ 
GAGTCGTTGTCWACGACGTTGACTGTCACACCCCGTAATTC 

AQQHX I* Q LTVWGIKQ I»QARVI#AX E R Y ' I»> 

loaio 10B20 10830 pol 631-660 (76) 10B6 °. 10870 10880 

GCCCTCCAGGATAGCGGATOGGAAGTGAATATCGTCA^ 
CGGGAGG^CCTATCGCCTAHCCTTCACTTATAGCAiCTIi 
ALQOSCXEVHIVTDSQYALGIIXAQP0> 

10890 10900 10910 10920 en v 420-449 (164) 10950 10960 
caraagJgaaagggaaatctccaactataccartcwgattta^ 

GTYTTCdCTTTCCCTTTAGAGGTTGATATtOTY 

X S * E REI SNYTXXI IfXI LTESQNQQD R> 

10970 1098O 10990 nooo uoio env 285-314 (155) 1K>4° 

* i * * * * * 

ATGAGMAAGASCTCCTdGCTCCCACAARGGCTAAGA 

TACTCKTTCTSGAGG AQCGACaJLTrG"rr Y CCG A'lTCTCTTC CCAGCACSTTTLIJL'1'1 T J CGCACGGCAGCCGKAACC GCG A 
N E X X L L ' A PTXAKRRVVXREKRAVGXGA> 

11050 11060 11070 11080 11090 DOl 91-120 (40) HMO 

* * * r s 9 * 
ATGWTTYTCGGATTCCTCGGCGCTGcdAAACCCAA 
TACWAARAGCCTAAGGAGCCGCGACGqTrrTCGGTTTTACTAGC^ 

MXXGFLGAAiR PKMIGG1 GGF IKVRQY D> 

11130 11140 11150 11160 11170 11180 11190 11200 

* * * 

CCAAAT!CMTTATCGAAATCTGTGGAMAS AAGGCT CGCTAGGA 
GGTTTAGIU^TAGCTTTAGACACCTKTSTTCCGAT^ 

QIX1BICGXKA l's YHRJLRDPI I# I X A R> 

env 555-584 (173) 11230 1124 ^ 11250 11260 11270 1128 ° 

YTCTGGAACTGCTCGGCCRTACCTCCCTGAR^ 
RACACCTTGACCAGCCGGYATCCAGGGACTYTCCG^^ 

XVBLLGXSSLXGLXR G T L - W AWVKVXEE> 

11290 gag 151-180 (11) 11320 . 11330 11340 11350 11360 

AAGCSATTCARTCCCGAAGTGATTCCCATG^ . 
KXFXPEVI PMFXALSEGATLESNTXA N> 

H370 H380 . nef 46-75 (182) 11410 11420 11430 1144 ? 

CAATSCCGATK^GYGTGGCrrcRAAGCCCAGGAAGAGGAAGW 
GTTASGGCTAACGCRCACCGACYT'TCGGGTCCTTCTCCTTCYTCACCCT 

NXDCXWLXAQBEBXVGFPVRPQV P»R A> 

11450 env 630-651 (178) 11480 11490 spacers 11520 



GGAGGGCTATOTCMACATTCCCASGAGGATTAGGCAAGGCYTTC GAATGGGATAGGRTT 
CCTCCCGATAGGAGKTGTAAGGGTSCTCCTAATCCGTTCCGRA^ CTTACCCTATCCYAA 
XRAILXI PXR IRQGXERAL L | A A | E W D R X> 
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11580 H590 



1160O 




iisfirt 11670 11680 

116 io H620 11630 nef 76-105 (184) 1166 ? 

CGGCTACTGTATATTCCSGCGAY^CTWiA^ sLPL KEKGGLXCUXYS> 




11780 H790 H800 11810 pol 481-51 0 (66) 



^Z^anarnuctt K „ t. K t g k> 

E E I» X - 

1190 0 11910 H920 



CTCW^ R1W - -p- - T x Q 

E 1.KXBA , Q X Q WTJIU 

11850 H960 




gtatkccagaawgagargcgctcacaca^ 

CATAMGGTCTTWCTCTYCGCGAGTGTGT'T 
YXRXRXAHT 

HQftO 11990 12000 

gag 316-345 (22) 



ifiCKKfttt 12040 12050 12060 12070 

12010 gag 166-195 u^> * * * 




120B0 

CTGGAT 
GACCTA 
W M> 

12160 



T ! " ' 12190 00 | 241-270 (50) »»° 1223 ! T- T 



1209 o moo gag 241-270 (17) »uo m<o . 

tTCCCCCATCCCG 
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12490 12500 12510 12520 gag 136-165 (10) 12550 12560 

* * I * * <* # # 

GCCGCCARCAGAGAGACAAAGCTCGGcj cAAAA CSYCCAGGGA^^ 
CGGCGGTYtrrcrCTCTGTTTCGAGCCCj 
AAXRE TKLG'qNXQGQMVHQXXSP RT L N> 



12570 



12580 



12590 12600 i26io e n V 61-90 (141) 12640 

CGCTTGGCTCAAGGTCRTCGAAGAGAAAGSCTTTAROGA 
GCGAACCCACTTCCAGYACCTTCTCTTTCSGAAATYOCT 

AWVKVXEEJC X F X ■ X T E VHMVWATH AC V> 



12650 



12660 



12670 



12680 



CTACCGATCCCAATCCCCAAGAGRTTSWCCTGGAGAATGTGAC 
GATGGCTAGGGTTAGGX^nTCTCYAASWGGACCTCTTAC 
PTDPNPQEXXLENVTE 



12760 



12690 12700 12710 12720 

* * * 

AAGGATCAGMAAYTCCTCGGCMTTTGGGGA 
LKDQXXLGXWO 
12770 12780 12790 12800 



env 375-404 (161) 12750 

TGCTCCGGCAAAMTCATTTOCACAACCR^ 

ACGAGGCCGTTTKAGTAAACGTGTTGGYIGiCACGGAACCTTGTCGWGGA 
CSGKX ZCTTXVPWNSXWSH'XXGHNKVO 

12810 vif 136-165 (109) 12840 12850 12860 12870 12880 

• * * # * ♦ 

AAGCCTCCAGTATCTGGCTCTGA«GGCriXrrGAT^ 

TTCGGAGGTCATAGACCGAGACTKCXXAGACTAATKCGGATTCTTTTAGTYTG 

SLQYLALXALIXPKKIXPPLP 



12890 



12900 env 230-254 (152) 12930 ^ 



rAGGGYTAAGACAATCA 
ATCQCRATTC TG-rr AGT 
S 1 X K T I> 

spacers l2960 f 



TTGTGCATCTGAATRAGTCCGTGGWAATCAATTGC^^ GCCGOC 
AACACGTAGACTTAYTCAGGCACCWTTAG!PTAACGTGTTCCGGATYGTTAT CGGCGC 

I " " " -------- 



VHLNX SVXINCTRPXNNTRX 
12970 12980 12990 gag 106-135 (8) 13020 



GAAGWA C2 

cttcwt Join 

A A | A S E X> Q2 



mm 



13030 



13040 



CAGAAWAAGTCCMAACAGAAAACCCAGCAAGCCGCCGCCGATACAGGCARCTCCA 
GTCTTWTTCAGGKTTGTCTTTTCCCTCGTTC 
QXKSXQKTQQAAA DTGXSSXVSQKTYP I> 



13050 13O60 13070 13080 n 0 | 826-855 C89) 13110 13120 

• * * * *• r x ' * «. 

TGTQTCCAACTTTACCTCCRCCRCTCT^ 

ACAQAGGTICAAATGGAGGYGGYGACACTITCGGCGAACAACCA 

V , SNPTSXXVKAACWWAXIXQBFGIPY> 

13130 13140 13150 13160 13170 pol 586-61 5 (73) 13200 

ATCCCCAAAGCCAAACATTCTATGTGGA 

TAGGGG M l"I"llJGGTTffGTAAGATAC ACCTACCGCGAC GGTY ATCX^CTT'l^^yrTTG ACeXTTTTCCGACCGATAC ACTGTCTG 
NPQSQ'T PYVDGAAXRETKLGKAGYVT D> 



13240 13250 pol 766-795 (85) 13280 



13210 13220 13230 

* » * 

AGAGGCAGACAGAAARTCRTTAGOGGAATCTGCCAGCTCGACTGTACCC 
TCTCCGTCTGTCTTTYAGYAATcdcCTT^ 

rgrqkxxsIgiwqldcthlbgkxilvav> 



13290 13300 13310 13320 13330 13340 13350 13360 

♦ * * * * * * * 

CCACGTCGCCTCCGGCTACATTGAGGCTGAGGTOGGCAATGAG^ 
GGTGCAGCGGAGGCCGATtSTAACTCCGACTCCAaCCGTrACTCGTTC 

I E A E V 1 G N E Q V D K L V X X G I R K> 



H V A S G Y 



13430 



13440 



DOl 691-720 (80) 13390 13400 13410 13420 

tgctattcctcgacggaatcrataaggctcaggaagagcacgaWgtc 

ACGATAAGGAGCTGCCTTACYTATTCCCAGTCCTTCTCCTCC™ 

VLFLDGZXK.AQEEHBVR ERIRXXXPAA> 
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net 16-45 (180) 13470 i34eo 13490 13500 13510 



13520 



GAAGGCGTCGGCGCTGYCTCCCRGGATCTGCATAAGKACGGAGCCMTC 
CTTCCGCAGCCGCGACRGAGGGYCCTAGACCTATTC 
EG V GAX S X 0 L DK X G A X T S T SGTQ QS Q G> 



13530 rev 91-120 (130) 



13560 13570 13580 13590 13600 



AACTOAAACTGGCGTCGGCMRCCCTCAGATm 

TTGACTTTGACCGCAGCCGKYGGGAGTCTAAARCCCTCTCAGGTCGCRA YAGGAGCCGRGGCCGAGGTAGCAGTAGACCC 
TETCVGX PQ IXGESSXXLGXG'si VI W> 

13610 13620 p 0 | 526-555 (69) 13650 13660 s pacers 



GTAAAACCCCTAAGTTTARGCTCCXrC^TTCAGARAGAGACATGGGAA SCTGCT 
CATTTTGGGGATTCAAATYCGAGGGGTAAGTCTTTCTCTCT DGACGA 
GKTPXFXZ.FX0XBYWBXNtfXXYV-QA A A> 



13690 13700 13710 en V 140-169 (146) l*™* 137 5° 13760 

ft * * * 9 * • * 

TACAGACTGATCARCTGTAACACAAGCGYTATCAMACAG 
ATGTCTGACTAGTYGACATTGTGTTCGCRATAGTKTGTCCG^ 
YRLIXCNTSXIXQACPKXXFXPIPIH Y> 

13770 13780 13790 13800 DOl 376-405 (59) 13830 13840 

* * * • r - 1 - * * * 

CTGTCCCCcJ|||||^^ . 
GACACGGCGj|j|il§l|ACCTACCCG j 
CAPPSWMGYELHPDRWTVQPIXLPBK> 

13850 13860 13870 13880 13890 gag 331-360 (23) 13920 

* * . * * * * 

ASTCCTTCGACAGTGAATGACATTCAOAAAWCA^ 
TSAGGACCTGTCACTTACTGTAAGTOTTTWGTTAAGAC^ 

xswtvndiq'kxi LXALCXGAXLEBMMT> 

13930 13940 13950 13960 13910 13980 13990 14000 

* * * * « * * * 

GCATGTCAGGGAGTGGGAGGCCCTRGCCATAAGCCm 

cgtacagtccctcaccctccgggaycggtattccgJt^^ 

ACQGVCC P XHKA'rVYYRDS RDP XWKG P> 
POI 931-960(96) 14030 14040 14050 14060 14070 14000 

TGCCAAACTGCTCTGGAAAGGCGAAGGCGCTGTGG^ 

ACGCTTTGACGAGAL.XJTr.rL L. Gl 1"!' CCGC GACACC^GTAGGTTCTaY AATTCTAACCTtXTGGTTG AC TWC TTCGGGAGG 
AKLLWKGEGAVVIQ D*X KIGGQI.XEAI»> 



14090 pol 61-90 (38) 



14120 14130 14140 14150 14160 



TGGATACAGGAGCCGATGACACCGTCCTGGAAGAWATSAATCTGCC 
ACCTATGTCCTCGGCTACTG*KX^ 

LDTGADDTVLEXXNLPCX W'G I K Q L Q A R> 

14170 14180 env 360-389 (160) 14210 14220 spacers^ 

GTCCTGGCTRTCGAGAGGTATCTGAAAGATCAAMAGYlTCrGG^ GCTGC1 ATG GAAAA 

CAGGACCGAYAGCTCTCCATAGACrrTCTAGTTXTCRAAGAC^^ CGACG/ rACCTTTT 

VLAXERYLKDQXXLG XWGCSG K | A A | M E N> 

14250 14260 14270 Vlf 1-30 (1001 14300 14310 14320 

* * * */#,#* 

CAGATGGCAAGTGMTGATCGTCTGGCAAGTGGACAGGATGARGATT 
GTCTACCGTTCACKACTAGCAGACCG^rTCACCTGTCCTACTYCT^ 

RWQVXIVWQVDRMXIRTWXSLVKHHM> 

14330 14340 14350 14360 en v 390-419 (162) 14390 14400 

ft*** %*#•* 
AtImTTATCTGTACC AC ARMCGTCCCCTGGAAC TCC A S CTGGAGCAATAAGTCC YTCGAAGAGATTTGGRAT AACATG ACC 
T?fK^TAGACATGGTGTYKGCAGGGGJtfXrrTGAGGTSGACCTC 

x'x ICTTXVPWNSXWSNKSXEEI W X N M T> 
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14460 



14470 



14480 



14410 14420 14430 Vpu 16-45 (133) 

TGGATKSAATGdCTCATTMTCGCTATCG^ 
ACCTAMCTrACdGACTAAKAGCGATAGCAGCAC^ 
wxxw'lixa IVVWT1XX 



14490 

AATCGATAGGCTC 

TTJ 

I D R L I 



14500 



14510 



14520 




IEYXKLLXQR X> 

gag 46-75 (4) 14550 14560 



14570 



X R 
14580 



ITTGCXTCTCCTCGAAACCKCTGAGGGATGTMAACA 

TACAKTTGTCTAGGACCYTGTCGAGG 
LNPCLLETXECCXQILXQI.> 



14590 



14600 



14610 



14620 



14630 



14640 



AGYCCGCCCTCMftGACAGGCWCCGAAGAGCTC ^m 
TCRGGCGGGAGKlVlVrLU^CGCTTCTCGA ayEe 
QXALXTGXEELS 



^AGAAAGCTCCTGARACAGAGAARGATTGACAGACTGATTRAG 
S^fTCTTTCGAGGACTYTGTCTCTTY CTAACTGTCTGACTAAY TC 
SRKLLXQRX I D R L I X> 



VpU 31-60 (134) 1*670 14680 

AGAAYCAGAGAGAGAGCCGAAGACTCCGCCAATGA 
R X 



E R A K 



S G 



kATGAGTCCGAGGGAGAOAC 
TACTCAGGCTCCCTCTOTG' 
N E S £ G D T 



14690 14700 14710 14720 

CACCCGGAATCAGATACCAATACAATGTGCT 



TGGCCCTTAGTCTATGGTTATGTTACACGA 
PGIRYQYNV L> 



14730 p 0 | 286-31 5 (53) 14760 14770 14780 147 *° 14800 
x/ • * * * * 

CCCCCAAGGCTGGAAGG<XrrCCCCASCCATTTTCCAAA 
GGGGGTTCCGAGCTTCCCGAGGGGTSG 
P Q G N K C 



— ~ <w<w« M'M m, % 1 »wiinvv*y, 

tSGTSGGTAAAAGGTTTCGAGGTACKGGKTTTAGGAGjrJ 
PXIPQSSMXXIL 1 ! 



14810 14820 gag 376-405 (26) "»5o 



MM Q R G N F> 
14860 14870 14880 



RGGG ACMGAAAAGGA'TrRTCAAGTG CTTC AACTGTGG AAAGGAAGGCCATMTCGCTARGAA' 
YCCCTGXCl w l"lTLCTAAYAGTrcACGAAGTTGACAC C T T^^ 

XGXKRIX1CCFNCGKEGHXAXNCR 




14890 



149D0 



14 910 



rev 76-105(129) 



14940 



P 

14950 



P L E> 
14960 



AGACTGMACCTGGATTGCTCCGAGGATWGCGRCACCTCCGGGAC 
TCTGACKTGCACCTAACGAGCCTCCTAWCGCYGTCCAGGCC^ 
R LXZ.DCSEDXXTSGTQQSQGT E T G V G !•> 



stgggJct 

2ACCCDGA 

XT n * T 



14970 



14980 



14990 



1S0O0 



pof 781-810 (86) 15030 15040 



ATATATCGAAGCCGAAGTGATCCCTGCCGAAACTGGACAGGAMCCGCTXACTTTM 
GCACCGACACGTACACCGGTCGCCTATATAGCTTCGGCTTCACTAGGGACO 

VAVHVASGY IEAEVIPAETGQ ETAY P> 



15050 



15060 



15070 



15080 



15090 



env 200-229 (150) "^o 

TCCTCAA^TTARGCCTGTGGTCAGCA 

AGGAGTTQT AATYCGGACACCAGTCCTGTGTCGAGGACGAGTTGCCATCGGAGCGACTTCT 

XLK , IXPVVSTQLLI,KGSLABBBXXIRS> 



15130 



15140 



15150 



15160 



15170 



pol 406-435 (61) 

TCTACSCTGGCATCAAACTGARGCAACT 

TATTtfirTGACCAGCCGTTTGACTTAAC^ 

x n'k lvgklnwasqiyxg ikvxql> 



GAAAACYTTACCRATAAqAAACTGGTCCGCAAACTGAA' 
CTTTTGRAATGGYTA' 
E N X T 

15210 15220 15230 15240 



1S250 env 121-139 (145) iS2so 



GTGTAAGCTCtTrcAGAGGCRCCAAAGcdcTCACCCGTCTGTG 
C^CATTCGAGGACTCTCCGYCGTTTCGC^GAGT^ 

p'lcvtlmctn a n L I n> 



spacers 



15310 



15320 



IS330 



15360 



TGAAT 
ACTTXCGACC 
V N I 



tat 76-102 (123) 

'AAMCCAGAGGCGATAACCCTACCCRTCCCRAAGAGTCCAAGA 

'ATTGGGATGGCYAGGGYTTCTCAGGTTCTTTYTCCAGCKCAGGTTCYG^ 
QXRG DNPTX PXESKKXVX 5 K X E T> 
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15390 
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15400 rev 61-90 (128) 



15430 



15440 



jpCCAMCTKTCTGGGAAGGYCTGCCCAACCCGTC 
|AGGTKGAMAGACCCTTCCRGACGGCTTGGGCAGCGG^ 
X D I A A | P S SXXLGRXAEPVPLQLP PI»E> 

15450 - 15460 15470 15480 15490 15500 15510 15520 

* * * . * • * * * 

AACGCTCMACCTCGACTGTAGCGAAGACWGTG^ 
TTCCGAGKTGGAGCTX^CATCGCTTCTGWCACYGCKT^ 

R L X L D C S E D X X 1 X L D K W A SLWM HP X I X> 



t 

C5 
join 
C6 



15560 



15570 



15580 



15590 



X> 
15600 



* i * 

ASKKKnCTGGrACATTAAGATITTCATTATGAT^^ 



env 450-479 (166) 155S » 

«JTGGGT6TGGTACATTAAGATTTTCATTA , _ y 

TSACCGACACCATGTAATTCTAAJAGTAATACTAACACCCTCCOTTATTCT 

xwlwyikif imivgg'mkivrmyxpvs r> 
gag 271 300(19) 15640 



1561 ° gag 271-300 (19) 15640 15650 15660 15 < 70 

CTCGACATTARGCAAGGCCCTAAGGAACCCTTCAGGGATTACGTG 
GAGCTGTAATYCGTTCCGGGATTCCTTGGGAAGTCCCTAA 
LDIXQGPKEPFRDYVDR f'a K L I* W K 



1S690 



15660 15670 15680 

* • • 

'AAGCTCCTGTCGAAGGGAGAGGG 

GEO 
15750 15760 



15700 doI 946-975 (971 15730 15740 
* • . * * . - 

AGCCGICGTGATTCAGGJ^CAACTCCGACATTAAGGTCGTGCCCAGGAG^ 
TCGGCAGCACTAAGTCCTGTTGAGGCTGTAAT^^ 

V V I Q DNS D I K VV P RRKAKI I B LN 



A V V I 
15770 



15780 



D 

15790 



R> 



pol 226-255 (49) 15820 



spacers 



CCCAAGACTTTTGGGAAGTGCAACTGGGAATCCOTCA GCCGC1 



GGGTTCTGAAAA l l C 'f I' CA CGTTGACCCTTAG 
TQDFWEVQLG I P 



H P A G L K 



K K 



15850 



15860 



15870 



15880 env 1-30 (137) 



S V T 
15910 



CCCCGJ 
A Aa 



15920 



atcagagtgaaagagacacacaicaactggccx:aatctgtggarg 

TACTC^reAC^Vl^U>lTGTGTCTACTTGACCGGGTTA6ACA^ CTY CACCCCGTGTKACTAAGAC CCTKACCAGTASTAAAC 
MRVKETQMNWPN LfcrXWGrXII.GXVXIC> 



15940 



15950 



15960 15970 po! 421-450 (62) 16000 



15930 

CTCCGCCTCuATrAAGGTCARACAGCTCTGCA 
GAGGCGGAGOTAATTCCAGTYTGTCGAGACGTTTGA^ 

SAS 1 IKVXQI.C1CLI»RGXKALTX I V X L T> 



16040 16050 net 181-196(191) leoso 
* * * 

«^m«v^ v,~~- * * T * ~™ * , * rGACTCCCRCCTCGCCClKSAGACATATS^CCAGGGAACTGCRTCCC 

TCCTTCGGCTrGACCTTGAflGAGTOTAOCTTC SCGGTCCCTrGACGY AGGG 

eeablel'lxwk fdsxlaxrkxa relx p> 



16010 16020 16030 

AGGAAGCCGAACTGGAACTOCTCAWATGGAAG 



16090 



spacers 



E X Y K D C 

16170 16180 



16120 16130 env 570-599 (174) 16160 



GAGTWCTACAAAGACTGC GCTGCI STCGAGCTCCTGGGACRCTCCAGCCTCARGGGAC^ 
CTCAWGATGTTTCTGACqCGACO 3AGCTCGAGGACCCTGyGAGGTCGGAGTYCCCTGACGYTTCCCCT 

AAVEL LGXSSLXGLXRGWEXL> 



16190 



16200 



16210 



16220 



16230 



16240 



t 



* * .^^^ Cfi 

CAAGTATTKGKGGAACCTOTGCWG^^ _ . 

GTTC ATAAMCMCCTTGGAGCACGWC ATAACXCC^^ j 0 1 n 

KYXXNLLXYWGSSLXOI»QXALXTGXE> QJ 



gag 61-90(5) 



16310 



16320 



16270 16280 16290 16300 

AACTGARGTCCCTCTWrAACACARTCGCTA 

TTGACTYCAGGGACAWATTGTGTVAGCGATGGGAGACCACACACGTAGTO 

ELXSLXNTX AT LWCVHQ ELYKY KVVX I> 
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16330 env 270-299 (154) 1636 ° 



16370 16380 16390 16400 



raa cccctcggc rttgc ccctacca ragcc aaaaggagagtggtc sagagag ag aaaagu ctcaccgawatcgtcmc act 
yttggg^uxcgVaacggggatgctytcggttttc 

xpl.gxa p t x akrrvvxre kr'ltxivx l> 
16410 16420 p D j 435^65 (63) 16450 16460 16470 . 1648 ° 

CACCGAAGAGGCTGAGCTCGAGCTGGMGGAAAACAGAGAGATTCTC 
GTGGCTTCTCCGACTOSACCTCGACC^ 

TE2AELELXENREI LXEPVHGVY'RVL> 

16490 16500 16510 gag 361-390 (25) 16540 16550 16560 

CCGAAGCCATGAGCCAACTCAMCMATGCCAACATOVTGATG^ 
«XTTCGGTACrcCGTTCRCTKGKTACGGTTGTA^ 

ABAMSO.XXXANIMMQRGWPXGXKR IX K> 
16570 165B0 16590 16600 net 61 -90 (183) 16630 16640 



CAAGAGGAAGAGGRGGTCGGCTTXXCXXnXTAGGCCIX^ 
QEEBXVG P PVRPQVPLRPMT¥KXAXDL> 



16650 16660 16670 16680 16690 gag 286-31 5 (20) 



16720 




CAGGCACCCAAAGAGCCTTTCAGAGACTATGTGGATAGGTT^ 
iTYTGTCCCTGGGTTTCltXSGAAAGTCTCTGATAGACCT^ 
SXF'XQG PK EPPRDYVDRPXKTIURAE Q> 

16730 16740 16750 16760 16770 |C-45 (2) 16800 

***** sf**y \ / » 
ccwacaggawgtgaaaaacItgggagaaaatcagactgaga 

GGWGTGTCCWCACTTTTTOACCCTCTrTT^ 

AX0XVKN , WBKIRI.RPGGKKKYXXKHXV> 

16810 16820 16830 16840 16850 pol 646-675 (77) I 6880 

TGGGCCTCCAGGGAACTGGAAAGGTTTGCaTCCCAGTATGCCCTCGGCA 
ACCCGGAGGTCCCTTGACCTTTCCAAACGaAGGGTCATACGGGA 
MAS R E L ERPA'S O Y A L G II XAQP DX SB S> 

16890 16900 16910 16920 16930 16940 16950 16960 



kTTCCCGTCGCCG RA KGGACAGACAGARTCATTGAGGTCG 
TAACGGCAGCGGCYTMCCTGTCTGTCTYAGTAACTCCAGC 
AXXTDRXI EV> 



♦ 

C7 



* » #' * • 

CGAGSTCGTGARTCAGATTATCGAAVAGCTCATXrAAGAACW 
GCTeSAGCACTYACTCTAATAGCTTBTCGA 

EXVXQI r E X L I K K I A V 

env 615-644(177) 16990 17000 17010 17020 17030 17040 

* * * * * * 

YCCAAAGGGCTKGGAGAGCCATTCTGMATATCCCC 
RGGTTTCCCGAMCClCTCGGTAAGACKra^ jOin 
XQRAXRA II*XIPXRIRQTRLAGRWPV X> Q8 

17050 pol 811-840 (88) 17080 17090 17100 17110 17120 ^ 

R Y AATCCATACCGATAACGGAAGCA ATTTCACAAGCRCTRCC 
YRTTAGGTATGCCTATrGCCTTCGTTAAAGTGTTCGYGAYGGCAGT^ 
X I HTDNG SNPT SXXVK AACWWa'dVXQ L> 

17130 17140 pol 511-540(68) 17170 17180 17190 s P ace | ^ 



CACCGMAGYCGTCCAGAAARTCGCTACCGAAAGCATTX^^ 

TXXVQKXATES1VIWGK TPKFX LPI A> 



CC GCCAGCAACGAGAACATGGASRCCATt GCTGCT TG/fAGA* 



ggJcggtcgttgctcttgtacctsyggtac 

ASNENMXXM 



; pacers Bglll EcoRI 

,tct|gaattqgcc 

AGflCTPAA<!cGG 
R S B P 1 A> 



A A 



CGACGJ ACTICR 



Flu NP epi (Mouse) Stop 
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10 



20 



30 



40 



50 



60 



zmzmmmm mmmm fm 



70 



60 



CCGCCTAGGTGGTAClXJTCCGGGAACGTKTTTGCAGTC 
G.GSTMTGPCXNVSXVQCTHGIXPVVST> 



90 



100 110 120 130 140 150 160 

****** * 

Itccctcaraagcctctwcaataccrtcgccacactctc 



Q L L' h N G S L X S LXNTXAT LWCVHQR I X> 

. 170 180 190 200 210 220 230 240 

* * * * • *.* * 

TCARGGACACAAAGGAAGCCCTCGACAAAATCGAACTCGGCGATGGCGG AGGCG 



■■Mm is mmmmsm® 



V XDTKBALDKI ELGDGGGAXRQGTSS S> 

250 260 270 280 290 300 310 320 

******* * 

YTCARCTTTCCAGAAATCACACTGTGGCAAAGGCCTCT 




TTACCAGTACATGGACGATCTGTATCTGGGAAGCGATCTGGAAATCGGACAGCATTTTACCACACCC 




nCTATGCTTGACGTAGGGCTATCCACCTGGCAGGTCGGARAATYAAAGGG/ 
Q K E P P F L W M~ GYEI.HPDRWTVQPXXFP Q> 



490 



500 



510 



520 



530 



S40 



550 



560 



TAATGGGAGACCX5TCGCAGGGGAGCACTGTYAGTTTTAGCCGC 
X TLWQRPDVTXKIGGQLXEALLDTG S X> 



570 



530 



$90 



600 



610 



620 



630 



640 



ACCGTClTTCTTTGCATCCGTTGCATCreCGCGAGGAGTCrrCGTC 

G RKKRRQRRXA PQSXXDHQYPIXEQ P> 

650 660 670 680 690 700 710 720 



Mis 



AGRGGAAGAAATCCCTTTTGGACCGAAAGGKCGTT(XAYTTCGGTCTCTCAAARGG 

LXFFR ENbA FXQGXAREFXS EQTXAN S> 



730 



740 



750 76C 770 78C 790 800 

* * * * * 

CGAAAGCTCCGYCRTTCTGGGAYCTGGCACCAAAAACGCCGCTACTAG 



RGG YGG AGGTCCTTj 

XXSRKSPQISGESSXXLGXGTKN A A T S> 

810 

TGAATTCGCC 



E P A> 
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Input parent 
polypeptide sequence (s) 



Add alanine spacers to the ends of 
each polypeptide sequence for processing 



Optional 



Fragment polypeptide sequence (s) into 
fragments (e.g., 30 aa) which are 
preferably overlapping (e.g., by 15 aa) 



Reverse translate the fragments to provide 
a nucleic acid sequence for each fragment 



Scramble or randomly rearrange ^ 
the fragments 




Yes 



Wo 



Link the rearranged fragments together 
to create a synthetic polypeptide ' sequence 
and/or a synthetic polynucleotide sequence 



Output the synthetic polypeptide sequence 
and/or the synthetic polynucleotide sequence 
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r Scramble*/ 95/216 
r Includes V 



include <stdio.h> 
tfncfude <stdlib.h> 
include <string.h> 
include <time.h> 

r Constant definitions 7 



/* Version Information 7 

#define VERSIONJMO "0 2" 

#define VERSION_DATE "04/03/1999" 



/*Misc7 

#define KEYBOARD_BUFFER_SIZE 

#define LENCODON 

null)*/ 

#define BUFFER_SIZE 
#defineTRUE 
#define FALSE 

/* Error codes */ 

#define EJMOERROR 

#define EJJOINFILE 

#define E MALLOC 

#define E_FILEREAD 

#define E_CREATE_OUTPUT_FILE 

tfdefine E_OVERLAP 

/* Structure definitions 7 



256 /*size of keyboard read buffer 7 

4 /*Jength of codon (including 

10000 /"size of file read buffer 7 
1 /"boolean true 7 

0 /"boolean false*/ 



0 /*no error */ 

1 /*genes file not found 7 

2 /"memory allocation error 7 

3 /"file read error*/ 
/"error creating output file */ 

5 Tsegment overlap >= length 



typedef struct gene GENE; 

typedef GENE * P_GENE; 

typedef struct gene_segment GENE_SEGMENT; 

typedef GENE_SEGMENT * P_GENE_SEGMENT; 

struct gene { 

char * name; 

char * data; 

P_GENE nextjgene; 



struct gene_segment { 

P_GENEp_gene; 
int number, 
int offset; 

int first_codon_choice; 
char * amino_data; 
char * dna data; 
P_GENE_SEGMENT next_seg; 
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r Function prototypes */ 96/216 

int prolog(); 

int get_parameters(); 

int read_int(char * prompt); 

int loadjgenes(); 

int add_gene(char * gene_name,char * gene_data); 

void insertjgene(P_GENE * head.P_GENE newjgene); 

int add jaa(); 

int split jgenes(); 

int splitjgene{P_GENE g); 

int insert_segment(P_GENE_SEGMENT * head_seg,P_GENE_SEGMENT new_seg); 
int convert_segments_aa_to_dna(); 

int convert_aaJo_dna(char * aa_ptr,char * dna_ptr,int first_choice); 

char * codon(char add_char,tnt preferred); 

int perform_scramble(); 

int scramble_segments(); 

int adjacent_$egments(); 

int display_genes(); 

int write_output_file(); 

void strip_newline(char * strip_str); 

void pad_amino_string(char * am»no_j)tr, char * paddedjptr); 

int even(int testjnum); 

void read_str(char * promptchar * string); 

char * read_nonblank_line(char * buf jnt buf_size,FILE * in_file); 

int user_confirmation(); 

void test(); 

I* Global variables 7 

char * codon_table[26][2] = { 
/•AOOVrGCCVGCT), 

/*-oi vrnrrnr), 

/*C02 # /{TGC w . , TGT7 > 
T D 03 7 {"GACYGAT"}, 
/* E 04 7 {"GAG YGAA"}, 

rFosvrrrc^-Trr}, 

/* G 06 7 ("GGCYGGA"}, 
rH07 7fCACYCAT"}, 
/*l08*/rATC",-ATT} t 

r-nvrrrrrrrri. 

/* K 10 7 {"AAGVAAA"}, 
/*L 11 7fCTGYCTC"}, 
r M 12 7 {"ATGYATG"}, 
/*N13 7rAACVAAT}, 

r-uvcnrrrrn. 

rP15 7fCCC\"CCT w } f 
/* Q 16 7 {"CAGYCAA"}, 
rR17 7TAGGVAGA"}, 
/*S18 7rAGC7TCC"}, 
rT19 7fACC"."ACA"}, 
r - 20 7 {"???" "???"}, 
/*V21 7{"GTGVGTC ,, } > 
/* W 22 7 {"TGGYTGG"), 
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^-23*/^???V??? ,, }. 

r Y 24 7 {TAC",TAP}, 97/216 

}; 

char * error_textfl = { 

roov - 

T 01 7 ."ERROR: input file not found!" 

r 02 7 ."ERROR: Memory allocation error" 

r 03 7 ."ERROR: File read error" 

r 04 7 ."ERROR: Could not create output file" 

r 05 7 ."ERROR: Segment overtap must be less than segment length" 

}» 

char disease_name[KEYBOARD_BUFFER_SIZE]; 
char input Jile_name[KEYBOARD BUFFER_SIZE]; 
char outputJile_name[KEYBOARD_BUFFER_SIZE]; 
int numjgenes = 0; 
int num_segments = 0; 
int lensegment; 
int segment_overlap; 
P_GENE flrstjgene = NULL; 
P_GENE_SEGMENT first_segment = NULL; 
P_GENE_SEGMENT * scrambled_segments = NULL; 

r Mainline 7 

void mainQ { 

int error = EJMOERROR; 

printf("Scramble - Version %s. %s\n\n",VERSION - NO.VERSION_DATE); 

1* Initial processing 7 
if (lerror) 

error = prolog(); 

r Get various program parameters from user 7 
if (lerror) 

error = getjarametersQ; 

/* Load genes from genes file 7 
if (lerror) 

error = load jgenes(); 

r Add *AA' to start and end of all genes 7 
if (lerror) 

error = add_aa(); 

r Split genes into overlapping chunks 7 
if (lerror) 

error = sp!it_genes(); 

r Convert segment amino acid to dna 7 
if (lerror) 

error = convert_segments_aa_to_dna(); 
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r Scramble the segments 7 
If (terror) 

error = perform_jscramble(); 

r Write output file 7 
if (lerror) 

error = write_outputJile(); 

r Show error if there was one 7 
if (error) 



/*prolog()7 

/* Perform any initial processing required 7 
int prologQ { 

r Seed the random number generator, using the system clock 7 
/* Dont run the program more than once in the same second! 7 
r Or well get the same randomisation!!!!!!!!!!!!!!!!!!!!! 7 
srand(time(NULL)); 

return EJMOERROR; 



r get_parameters() 7 

/* Ask for various parameters from the user (stdin) 7 



int get_parameters() { 
int valid; 

read_strf Enter disease name : ",disease_name); 
read_str("Enter input file name : *\input_file_name); 
read_str("Enter output file name : ".output^file^name); 

valid = FALSE; 
while (Ivalid) { 

len_segment = read jntfEnter segment length : "); 

if (len_segment % 2) 



printfnGs^'.errorJextlerror]); 



r Disease name 

r Input file name 

r Output file name 

/* Segment length 



7 
7 



7 



printff Segment length must be even!\n"); 




return E_NOERROR; 



I* loadjgenes() 7 
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r Load the genes from the input fife 7 99/216 

int loadjgenes() { 

FILE * input Jile; 
char nameJ>uf[BUFFER_SIZEJ; 
char dataJt>uf[BUFFER_SIZE]; 
int rc; 

/* Open genes file for reading 7 
if (NULL == (inputjile = fbpen(input_file_name. V))) 
return EJMOINFILE; 

printffLoading genes from: %s\n",input_file_name); 

num_genes = 0; 

r Read gene name 7 

while (NULL != read_nonblankJine(name_buf,BUFFER_SIZEjnputJile)) { 
/* Read the gene data 7 

if (NULL 1= read_nonblankJine(daia_buf,BUFFER_SIZE t inputjne)) { 
r Allocate memory for new gene and add to list */ 
if (rc = addjgene(name_buf,data_buf)) 
break; 

} 

} 

/* Close genes file */ 
fctose(inputjRle); 

return rc; 

} 

A* add jgene()V 

r Allocate memory for new gene, then insert in list 7 

int add jgene(char * gene_name,char * gene_data) { 
P_GENE new_jgene; 

r Allocate storage for new gene 7 

if (NULL == (newjene = malloc(sizeof(GENE)))) 

return E_MALLOC; 
/* Initialise new gene 7 
new_gene->next_gene = NULL; 
I* Allocate storage for gene name (+1 for null) 7 
if (NULL == (newjgene->name = malloc(strien(gene_name)+1))) 

return EJWALLOC; 
I* Store gene name 7 
strcpy(new_gene->name,gene_name); 
I* Allocate storage for gene data (+1 for null) 7 
if (NULL == (newjgene->data = malloc(str1en(gene data)+1))) 

return EMALLOC; 
r Store gene data 7 
strcpy(new_gene->data,gene_data); 
r Insert the new gene into linked list 7 
insert jgene(&first_gene,new_gene); 
/* Increment nurnjjenes 7 
numjgenes++; 
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return E_NOERROR; 100/216 

} 

I* tnsert_gene() 7 

F Insert gene into linked list 7 

void insert jgene(P_GENE * headjgene,P_GENE new_gene) { 
PJ3ENE * cur_ptr = head_gene; 

while (NULL != fcur j)tr)) 

cur j)tr = &((*curj)tr)->next5ene); 

*cur_j)tr = newjgene; 



/*add_aa()7 

/* Add , AA' to the start and end of every gene 7 

int add_aa() { 

P_GENE curjgene = first_jgene; 
char * new_data; 

while (NULL !- cur_gene) { 

J* Allocate storage to fit the gene plus four characters 7 

new_data = mailoc(strien(curjjene->data)+5); 

T Shift gene data to new storage, add "AA" 7 

strcpyOiew^data.TKA*); 

strcat(new_data,curjgene->data); 

strcat(new_data,"AA"); 

/* Free previous gene data storage 7 

free(cur jgene->data); 

r Set gene data pointer to new storage 7 

cur_gene->data = new_data; 

r Advance to next gene */ 

curjgene = cur_gene->next_gene; 



return EJMOERROR; 

} 

/* splrt_genes() 7 

/* Split the genes into overlapping segments 7 

int split_genes() { 

P_GENE cur_gene = first_gene; 
P_GENE_SEGMENT cur_seg = first_segment; 



printf( w Splitting genes into segments..An"); 

/* Split the genes into segments 7 

while (NULL != curjgene) { 
r Split the gene 7 
split_jgene(cur_gene); 
/* Advance to next gene 7 
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} 



^ curjgene = curjgene->nextjgene; 

r Count the number of segments 7 
num_segments = 0; 
cur_seg = firstsegment; 
while (NULL != cur_seg) { 

num_segments++; 
^ curseg = cur_seg->next_seg; 

return EJMOERROR; 



r splitjgeneO V 

/* Split a gene into overlapping segments 7 

int split_gene(P_GENE g) { 
char * seg_ptr; 
char * seg buf; 

P_GENE_SEGMENT new_segment = NULL; 

int done; 

int seg_ctr = 0; 

t Allocate memory for segment buffer 7 
if (NULL == (seg_buf = malloc(len_segment+1 ))) 
return E_MALLOC; 

r Insert a null at the end of the segment buffer, 7 
r so we can use it as a string 7 
seg_bufpen_segment] = \0 9 ; 

/* Set segment pointer to start of gene data 7 
segj>tr = g->data; 

done = FALSE; 
while (!(done)){ 

r So we know if we copied data 7 

seg_buf[0] = \0*: 



P Copy a segment of gene data to the segment buffer 7 
memcpy(segjt>uf,segjptr,len_segment); 

T If there was some gene data copied to the buffer 7 
if(NULL!=seg_bufI0]){ 

r Allocate storage for a new segment 7 

if (NULL == (new_segment = malloc(sizeof(GENE SEGMENT)))) 

return EJWALLOC; 
T Increment segment counter 7 
seg_ctr++; 

/* Setup the new segment 7 
new_segment->p_gene =g; 
new segment->number = seg_ctr; 
new_segment->offset = seg__ptr - g->data + 1 ; 
new_segment->next_seg = NULL; 
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If (NULL == (new_segment->amino_data = malloc(len_segment+1))) 

return E_MALLOC; 
if (NULL == (new_segment->dna_data = malloc(len_segment*3+1))) 

return EJWALLOC; 
new__segment->amino_data[0] = W; 
new__segment->dna_data[0] = W; 
r Copy segment data from buffer to new segment */ 
strcpy(new_segment->amino_data.seg_buf); 
/* Insert new segment into chain from gene 7 
insert_segment(&first_segment,new_segment); 



/* If we didnt read a full segment, we are finished! */ 
if (strten(seg_buf) < len_segment) 
done = TRUE; 

r Otherwise, advance segment pointer to next segment in buffer 7 
else 

seg_j)tr = seg_ptr + len_segment - segment_over1ap; 

} 

P insert_segment() 7 

r Insert a segment node at the end of the list 7 

int insert_segment(P_GENE_SEGMENT * head_seg,P_GENE_SEGMENT new_seg) { 
P_GENE_SEGMENT * cur _ptr = head_seg; 

while (NULL != (*cur _ptr)) 

cur j)tr = &((*cur j>tr)->next_seg); 

*curj)tr = new_seg; 

> 

r convert__segments_aa_to_dna 7 

r Go thru segments, and for each, convert amino acids to dna 7 

int convert_segments_aa_to_dna() { 

PGENESEGMENT cur_seg = firsLsegment; 
int first_choice = 1; 
int alternate; 

printfCConverting to DNA-.An"); 

r Work out if we need to alternate the first codon choice or not 7 
/* Dont need to do this anymore, since the segment length is 7 
/* forced to be even, and the overlap is half the length (odd). 7 
/•alternate = ((even(len_segment) && even(segment_overlap)) 

|| (leven(len_segment) && !even(segment_overlap)));7 

alternate = FALSE; 

while (NULL != cur_seg) { 

cur_seg->first_codon_choice = firstchoice; 
convert_aajo_dna(cur_seg->amino__data,cur_seg->dna_data. 

cur_sd§->first_codon_choice); 
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I* Address next segment */ 
cur_seg = cur_seg->next_seg; 

r If we are alternating, alternate the first codon choice 7 
/*rf (alternate) 

if (1 == first_choice) 

first_choice = 2; 

else 

first_choice = 1;*/ 



return E_NOERROR; 

} 

/* convert_aaJo_dna */ 

/* Converts a string of amino acid to dna 7 

/* NOTE: assumes that buffer at dna j>tr is large enough to hold dna!!! 7 

intconvert_aaJo_dna(char*aa _ptr,char # dna _ptr,int first_choice) { 
char * p_codon; 
int cur preferred = firstchoice; 

while (W!=*aajptr){ 

p_codon = codon(*aa_jptr,cur_preferred); 

strcatfdnajtr.p^codon); 

/* If we didnt find a codon, log a warning */ 

if (0 = strcmp^codon,-??'?^) 

printf("WARNING: no codon found for amino add!\n w ); 

r Alternate current preferred codon 7 
if (1 = cur_preferred) 

cur_preferred = 2; 

else 

cur_preferred = 1; 

aa_j)tr++; 



return EJMOERROR; 

} 

/* codon*/ 

/* Returns a pointer to a codon corresponding to the amino acid passed 7 
V The codon pointer is to 3 characters, plus a terminating null 7 

char * codon(char acid_char,int preferred) { 
int codon Jablejndex; 
char * codon j>tr f 

r Determine index into codon_table (table starts at TV) 7 
codonjable index = actd_char - W; 

r Set pointer to appropriate codon */ 

codon_ptr = codon_table[codon_table_index][preferred-1]; i 
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return codon_ptr; 

} 

r display_genes() 7 

r Display the name and data for all genes */ 

intdisplayjgenes(){ 

P_GENE curjgene = first jgene; 

while (NULL != curjgene) { 

printf(* , %s\n*,curjgene->name); 
printff%s\n",curjgene->data); 
curjgene - curjgene->nextjgene; 

} 

return E_NOERROR; 

} 

f perform_scramble() */ 
r Scramble the segments */ 

r Check for adjacent segments. If there are, rescramble */ 

int perform_scramble() { 

int done = FALSE; 
int rc = E_NOERROR; 

while (TRUE){ 

rc = scramble_segments(); 
if (E_NOERROR = rc) 

if (adjacent_segments()) { 

printffAdjacent segments detected! Rescramble? (y/n) "); 
if (!user_confirmation()) { 

printffWARNING: Adjacent segments in output 

file.\n"); 

break; 

} 

} 

else 

break; 

else 

break; 

) 

return rc; 

} 

r scramble_segments() */ 

/* Randomly scramble the segments, putting pointers in scrambled_segmentsQ */ 

int scramble segments() { 

P_GENE_SEGMENT curjseg = first_segment; 
int i j; 

P_GENE_SEGMENT temp; 

i 

printf("Scrambling segments..An°); 
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r Allocate storage for array of segment pointers */ 

if (NULL == (scramblecLsegments = malloc(sizeof(P_GENE_SEGMENT) # num_segments))) 
return EJWALLOC; 

/* First, initialise scrambled_segments in same order as linked list V 
i = 0; 

while (cur_seg != NULL) { 

scrambled_segments[i] = cur_seg; 
cur_seg = cur_seg->next_seg; 
i++; 

} 

r Now. randomly scramble the segments */ 
for O=0;i<num_segments;i++) { 

j = rand() % num_segments; 

temp = scrambled_segments[i]; 

scrambled_segments[q = scrambled_segments[j]; 

scrambledsegmentsQ] = temp; 

} 

return EJYOERROR; 

} 

/* adjacentsegments() */ 

r Determine if the scrambled segment order has resulted in */ 
r two segments which were adjacent originally (ie every */ 
r second one) have ended up adjacent. 7 

int adjacent_segments() { 
int i; 

int re = 0; 

P_GENE_SEGMENT cur_seg; 
P_GENE_SEGMENT next_seg; 

for (i=0;i<num_segments^1 ;i++) { 

r Address current and next segments 7 

cur_seg = scrambled_segments[i]; 

next_seg = scrambled_segments[i+1]; 

r Do segments come from same gene, and are two apart? 7 

if (((cur_seg->pjgene == next_seg->p_gene) 

&& ((cur_seg->number == (next_seg->number)+2) 

|| (cur_seg->number == (next_seg->number>-2)))) 

return 1; 

} 

return 0; 

} 

r write_output_file() */ 

I* Write out segments (in initial non-scrambled order) 7 
r Write out synthetic protein (in scrambled order) 7 
/* Write out synthetic dna (in scrambled order) 7 

int write_output_file() { i 
FILE*outputJile; 
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char * amino_buffer; 
P_GENE_SEGMENT cur_seg; 
int i; 



I* Open output file for writing (erase any contents) 7 
if (NULL = (output file = fopen(output_file_name 1 , V))) 
return E_CREATE_OUTPUT_FILE; 

F Allocate memory for padded amino string buffer V 
if (NULL = (aminojbuffer = malloc(len_segment*3+1))) 
— return bJVIALLUC; 

printffWriting output file: %s\n w t output_file_name); 

r Write output file header information */ 
fprintf(outputJfle/Scramble %s - Output File\n",VERSION_NO); 
farintf(output_file f "\n"); 

fyrintf(output_fi!e,"Disease name : %s\n",disease_name); 
fprintf(output_filef Input filename : %s\n",input_filejiame); 
fprintf(output_ffle "Output filename : %s\n",output_ffie_name); 
fprintf(ourj>ut_file,"Number genes : %d\n",numjgenes): 
fyrintf(output_flle,"Number segments : %d\n",num_segments); 
fprintf(output_file t "Segment length : %d\n",len_segment); 
fprintf(output_file "Segment overlap : %d\n" ( segment_overlap); 

f* Write out segments in initial non-scrambled order V 
fprintr{outpirtJr]»e/Vf); 

t>rintf(output_ffle t "Segments in original orderrVO; 

fprintf(outputJile," \n"); 

curseg = first_segment; 
while (NULL != cur_seg) { 

r Format amino data to line up with codons V 

pad_amino_string(cur_seg->amino_data t amino_buffer); 

fprintf(output_file"Gene : %s\n",cur_seg->pjgene->name); 

fjxintf(output_fBe "Segment# : %d\n",cur_seg->number); 

fj)rintf{output_file, ,, Offset : %d\n",cur_seg->offset); 

fprintf(output_ffle "1st Codon : %d\n",cur_seg->firsLcodon_choice); 

fprintf(output__fiIe, ,, %s\n" i amino_buffer); 

fprintf(output_file,"%s\n ,, ,cur_seg->dna_data); 

t>rintfXoutput_file,"\n"); 

cur_seg = cur_seg->next_seg; 

} 

r Write out segment names in scrambled order */ 
fprintf(output_fiIe "Segments in scrambled order:\n"); 

f^>rintf(outputJile, ,, \n"); 

for (i~0;i<num_segments;i++) { 

r Format amino data to line up with codons V 

pad_amino__string(scrambled_segments[i]->amino_data l amino_buffer); 

r Write segment details 7 

fprintf(output_file,*%$ #%d\n" t scrambled_segments[0->p_jgene->name l 

scrambled_segments[i}->number); 
fprintf(outputjfile"%s\n # ,amino_buffer); \ 
fprintf(output_file > *%s\n B ,scrambled__segments[0->dna_data); 
fprintffoutputJile/VT); 
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} 

/* Write synthetic protein in one long string 7 
fprintf(output_fi!e"Synthetic Protein:\n"); 

fi>rintf(output_file." \n"); 

for (i=0;i<num_segments;i++) 

fjf)rintf(output_fiIer%s",SCTamb!ed_segments[i]->amino_date 

fprintf(output_file,' , \nVr); 

r Write synthetic dna in one long string */ 
fprintf(output_file, "Synthetic DNAr\n"); 

f^rintftoutpuLfile,- \n"); 

for (i=0;i<num_segments;i-H-) 

fprintf(output_ffle, w %s w ,s<xambledjsegments[Q->dna_data^^ 

return E_NOERROR; 

} 

1* stripjiewline() */ 

1* Replace the first newline character with a null 7 

void strip_newline(char * strip_str) { 
char * newtrne_pos; 

r Find the newline char 7 
newtine_pos = strch^(strip_str. < \n , ); 

/* If we found one, replace it with a null 7 
if (NULL 1= newllne_pos) 

newline_pos[0] = W; 



r pad_amino_string 7 

r Copy amino chars from amino _j>tr to padded_ptr, padding each 7 
r side with a space. 7 

void pad_amino_string(char * amino jrtr, char * padded_ptr) { 

while (W != *amino_ptr) { 
*padded_ptr = ' 
padded_ptir++; 
*padded_ptr = *amino_ptn 
padded_ptr++; 
•padded _ptr = "; 
padded_ptr++; 
am'mojtr-M-; 

> 

r Stick a null at the end of the padded string 7 
*padded_ptr = W; 

} 

f evenQ 7 \ 
r True if testjium is even, otherwise false 7 
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int evenpnt test_num) { 

return !(test_num % 2); 

} 

f read jnt() 7 

r Read an integer from stdin. Keep trying until valid int > 0 entered. 7 
r Return the integer read, or 0 if error reading from stdin. */ 

int read_jnt(char * prompt) { 

char bufferpCEYBOARD_BUFFER_SIZE]; 
int value_read; 
int valid = FALSE; 

while (!valid){ 

printff%s",prompt); 
valid = TRUE; 

fgets(bufto,KEYBOARD_BUFFER_SIZE.stdin); 
if (1 != s$canf(buffer,"%d ,, ,&value_read)) 

valid = FALSE; 
if (valid && (value jread < 1)) 

valid = FALSE; 

if (! valid) 

printffPositive integer value please!\n"); 



return value_read; 

} 

r read_str() 7 

r Read a string from the user (stdin) */ 
/* Strip the newfine from it 7 

void read_str(char * prompt.char * string) { 

char buffer[KEYBOARD_BUFFER_SIZEl; 

printf(prompt); 

fgets(buffer,KEYBOARD_BUFFER_SIZE,stdin); 
sscanf(buffer,"%s",string); 



r read_nonblankJine() 7 

I* Read a line from file until we get a non-blank one 7 

char * read jionblankJine(char * buf.int buf_size,FILE * injile) { 
char* return _ptr; 

r Read lines until we get a non-black one, or EOF 7 
do 

return _ptr = fgets(buf,buf_size,in__fiJe); 
while ((NULL != return_ptr) && (On' = buffl)]) || f ' = buf[0]))); 

r If we got a line, change the newline char to a null 7 
if (NULL !=retum_ptr) 

strip_newline{buf); 
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return retumjrtr; 
r user_confirmation() */ 

r Read input from user. If user types y, return 1, otherwise 0 7 

int user_confirmation() { 

char buffer[KEYBOARD_BUFFER_SIZE]; 

fgets(buffer l KEYBOARD_BUFFER_SIZE,stdin); 
if ((V == buffertf)]) || (V == buffertf)])) 
return 1; 



} 



return 0; 



/Mest()7 

r For debugging/development */ 

void testQ { 

char str[100]; 

printffEnter something: "); 

fgets(str,100,stdin); 

printfflinelW); 

printfr%s*,str); 

printfnine2\n-); 

fgets(str,100,stdin); 
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HepC la consensus polyprotein sequence used for scramble program 

MSTNPKPQRKTKKNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLGVR^ 

PGYPWPLYGNEGCGWAGWLLS PRGSRPSWGPTDPRRRSRNLGKVIDTLTCGFADLMGYI PLVGAPLGGAARAIiAHGVR 
VLEDGVNYATGNLPGCSFS I PLLALLSCLTVPASAYQVRNSTGLYHVTNDCPNSS I VYEAADAILHTPGCVPCVREGN 
ASRCWVAMTPTVTlTRDGiaLPATQLRRHIDLLW 

ITGHRMAWDMMMNWS PTAALVMAQLLRIPQAILDMI AGAHWG VLAG I AYFSMVGNWAKVLVVLLLFAGVDAETHVTGG 
NAGRTTSGLVSLLTPGAKQNIQLINTOGSWHINSTALNCNESLNTGWLAGLFYQH^ 
WGPISYANGSGPDQRPYCWIYPPKPCGIvTAKSVCGPVYCFTPSP 
GNWFGCTWMNSTGFTKVCXyvPPCVIGGAGNNTI^ 

TIFKVRMYVGGVEHRLEAACNWTRGBRCDLEDRDRSELSPLLLSTTQWQVLPCSF^ 

YGVGSSIASWAIKWEYVVIiFLLLADARV^ 

RWVPGAWALYGMWPLLLLLLu^PQRAYALDTBVAA^ 

VWVPPLNVRGGRDAVI LLMCWHPTLVFD I TKLLLAVFGPL W I LQ AS LLKVP YFVR VQGLLR I CALARKM I GGHYVQM 
AIIKLGALTGTYVYNHLTPLRDWAHN^ 

ADGMVS KG WRLLAP I TAYAQQTRGLLGC I ITSLTGRDKNQVEGBVQI VSTAAQTFIATCHIGVCWTVYHGAGTRTIAS 
PKGPVI<^lYTtn^QDLVGWPAPQGSRSIiTPCrrCGSSDLYLVTRHADVI PVRRRGDSRGSLLSPRPI S YLKGSSGGPLL 
CPAGHAVG I FRAAVCTRGVAKAVDF I P VENLETTMRS PVFTDNS S PPAVPQS FQYAHLHAPTGSGKSTKVPAAYAAQG 
YKVLVLNPSVAATLGFGAYMSKAHGIDPNIRTGVRTITTGSPITYSTYGKFLA^ I ICDECHSTDATS I 

LGIGTVLDQAETAGARI4VVI1ATATPPGS VTVPHPNI EEVALSTTGEI PFYGKAI PLEVIKGGRHLI FCHS KKKCDELA 
AKLVALGINAVAYYRGLDVSVIPTSG^VVVVATDAIiMTGYTGDFDSVIDC^ 

SRTQRRGRTGRGKPG I YRFVAPGERPSGMFDS S VLCECYDAGCAWYELTPAETTVRIjRAYMNTPGLPVCQDHIjEFWEG 

VFTGLTHIDAHFLSQTKQSGENFPYLVAYQAWCARAQAPPPSWDQMWKCLIRL 

HPVTKYIMTCMSADLEVVTSTWVLVGGVIiAAIiAAYCI^TC 

YIEQGMMLAEQFKQKALGLLC^ASRQAEVIAPAVQTNWQKLEWW 

AAVTSPLTTSQTLLFNILGGWVAAQLA^ 

VPSTEDLVNLLPAILSPGALWGVVCAAILRRHVGPGEGAVQWMNRLIAFAS 
LTVTQI^RiaQWISSECTTPCSGSWLRDIWDWICEVLSDFK^ 
CHCGAEITGHVKNGTMRIVGPRTCRNMWSGTFPINAYTTGPCTPLPAPN^ 
TDNLKCPCQVPSPEFFTEIJ5GVRIiHRFAPPCKPLLREEVSFRVGLHEYPVGSQLPCEPE 

AAGRRLARGS PPSMAS SS AS QLS APSLKATCTANHDS PDAEL IEANLL WRQEMGGNITRVESENKWI LDS FDPLVAE 

EDEREISVPAEII1RKSRRFAQAI1PVWARPDYNPPLVETWKKPDYEPPVVHGCPLPPPRSP 

STALAEIATKSFGSSSTSGITGDNTTTSSEPAPSGCPPDSDAESY 

CCSMSYSWTGALVTPCAAEEQKIjPINALSNSLLRHHNLVY 

KVKANLLSVEEACSLTPPHSAKSKFGYGAKDVRCHARKAVAHINSVWKD 

KPARLIVFPDLGVRVCBKMALYDWSKLPIAVW^ 

IRTEEAIYQCCl)LDPQARVAIKSLTERIjYVGGPLTNSRGENCX3YRRCRASGV^ 

CMLV(X®DLWICESAGVQEDAASLRAFTEAMTRYSAPPCT 

TTPLARAAWETARHTPVNSWLGNIIMFAPTLWARM^ 

HGLSAFS LHS YS PGE INRVAACLRKLGVPPLRAWRHRARSVRARLLARGG CGKYLFNWAVRTKLKLTP I AAAGR 
II)LSGWFTAGYSGGDIYHSVSHARPRWFWFCLLLIAAGVGIYLLPNR 



Scramble - Output Pile 

Scramble version : 0.1 beta, 08/02/1999 
Num. genes : 1 

Num. segments : 201 
Segment length : 30 
Segment overlap : 15 

Segments in original order: 



Gene : HepCla 

Segments : 1 
Offset : 1 
1st Codon : 1 

AAMSTNPKPQRKTKRNTNRRPQDVKPPGGG 

G CCGCTATGTCCACCAATC(XAAACCCCAAAGGAA^ 
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Gene : HepCla 

Segment# : 2 
Offset : 16 
1st Codon : 1 

NTNRRPQDVKFPGGGQIVGG V Y I* I# PRRGPR 
AACACAAACAGAAGGCXTTCAGGATGTGAAATTCCC^ 



Gene : HepCla 

Segments : 3 
Offset : 31 
1st Codon : 1 

QIVGGVYLLPRRGPRLGVRATRKTSERSQP 
CAGATTGTGGGAGGCGTCTACCTCCTGCCTA^ 



: HepCla 
Segment# : 4 
Offset : 46 
1st Codon : 1 

LGVRATRKTSERSQPRGRRQ PI PKARRPEG 
CTGGGAGTGAGAGCCACAAGGAAAACCTCCGAGAGAAGCO 



: HepCla 
Segments : 5 
Offset : 61 
1st Codon : 1 

RGRRQPI PKARRPEGRTWAQ PGYP 

AGGGGAAGGAGACAGCCTATCCCTAAGGCTAGGAGAC^^ 



W P L Y G N 
TATGGCAAT 



: HepCla 
Segments : 6 
Offset : 76 
1st Codon : 1 

RTWAQPGYPWPLYGN 
AGGACATGGGCTCAGCCTGGCTAT 



: HepCla 
Segments : 7 
Offset : 91 
1st Codon : 1 
EGCGWAGWLL 



S P R G S 



PSWG PTD PRRRS RN 



Gene : HepCla 

Segments : 8 
Offset : 106 
1st Codon : 1 
RPSWGPTD 



PRRRSRNLGKVIDTLTCGFADL 
yVAGGAGAAGCAGAAACCTCGGCAA/UJTGATTGA 



Gene : HepCla 

Segments : 9 
Offset : 121 
1st Codon : 1 

LGKVIDTLTCGFADLMGYI 
CTGGGAAAGGTC^TOGATACCCTCACCTGTGG CnUt 



L V G A 



L G G 



Gene : HepCla 

Segments : 10 
Offset : 136 
1st Codon : 1 

MGYIPLVGAPLGGAARALAHGVRVLBDGVN 
ATGGGATACATTCCCCTOGTGGGAGCCCCTCTGGGA 



Gene : HepCla 

Segments : 11 

Offset : 1S1 

1st Codon : 1 

R A L» A H G V 



RVLBDGVNYATGNLPGCSFS I PL 



Gene 

Segments 

Offset 



HepCla 

12 

166 
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1st Codon : 1 

YATGNLPGCS FSIFLLALLSCLTVPASAYQ 
TAO^ACCXSGAAACCTCCCCGGATGCTCCTTC^ 

Gene : HepCla 

Segment? : 13 
Offset : 161 
1st Codon : 1 
LALLSCLTVP 



S A Y Q V R 



NSTGLYHVTNDCP 
VTAGCACA6GCCTCTACCATGTGACAAACGATTGCCCT 



Gene : HepCla 

Segment? : 14 
OffBet : 196 
1st Codon : 1 

VRNSTGLYHVTNDCPNSSIVYBAADAILHT 
GTGAGAAACTCCACCGGACTGTATCACGTCACCAATGACTGTCCCA^ 



Gene 
Segment? 
Offset 
1st Codon 
N S S 



HepCla 
15 
211 
1 

IVYBAADA 



ILHTPGCVPCVREGNASRC 



AACTCCAGCATTGTGTATGAGGCTGCCGATGCCATTC^ 



Gene ; HepCla 

Segment? : 16 
Offset : 226 
1st Codon : 1 
PGCVPCVREGNASRCW 



VAMT PTVATRDGKL 



Gene : HepCla 

Segment? : 17 
Offset : 241 
1st Codon : 1 

W V A MTP TVA TRDGKLPATQLRRHIPLIiVGS 
TGGGTCGCCATGACCCCTACCGTCGCCACAAGGGATGGCAAACn^ 



Gene : HepCla 

Segment? : 18 
Offset : 256 
1st Codon : 1 

PA TQLRRH IDLLVGSATLCSA 
CCCGCTACCCAACTGAGAAGGCATATCGAT 



IiYVGDLCGS 



: HepCla 
Segment? : 19 
Offset : 271 
1st Codon : 1 

ATLCSALYVGDLCGSVP 
GCCACACTGTGTAGCGCTCTGTATGTGGGAGAC 



L V G Q L 



PTFSPRRH 
\TTCTCCCCCAGAAGGCAT 



Gene : HepCla 

Segment? : 20 
Offset : 286 
1st Codon : 1 

VPLVGQLFTFSPRRHHTTQGCNCSIYPGHI 
rACCTTTAGCCCTAGGAGACACTGGACCACACAGGGATG< 



Gene : HepCla 

Segment? : 21 

Offset : 301 
1st Codon : 1 

WTTQGCNCSI YPGHITGHRMAWDMMMNWS P 
TGGACAACCCAAGGCTGTAACTGTAGCATITACCCTGGC^ 

Gene : HepCla 

Segment? : 22 
Offset : 316 
1st Codon : 1 

TGHRMAWDMMMNWSPTAALVMAQLLRI P Q A 

ACCGGACACAGAATGGCTTGGGATATGATGATGAATTGGTCTC 
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Gene : HepCla 

Segments : 23 
Offset : 331 
1st Cod on : 1 

TAALVMAQLLRI P Q A I LDMIAGAHH6VLAG 
ACCGCTGCCCTCGTGATGGCCCAACTGCTCAG^ 

Gene : HepCla 

Segment# : 24 
Offset : 346 
1st Codon : 1 

ILDHIAGAHWGVLAGIAYPSMVGNWAKVLV 
ATCCTCGACATGATCGCTGGCGCTCACTGGG 



Gene 
Segment* 
Offset 
1st Codon 



HepCla 
25 
361 
1 



IAYPSMVGNWAKVLVVLLLPAGVDABTHVT 
ATCGCTTACTTTAGCATGGTGGGAAACTC 



Gene : HepCla 

Segments : 26 
Offset : 376 
1st Codon : 1 

VLLLFAGVDAETHVTGGNAG 
GTGCTCCTGCTCTTtXSCTGGCGTCGACGCTGA^ 



R T T 



G L V S L L 



Gene : HepCla 

Segments : 27 
Offset : 391 
1st Codon : 1 

GGNAGRTTSGLVS LLTPGAKQN I QLINTNG 
GGCGGAAACGCTGGCAGAACCACAAGCGGACTGGTCAG 



Gene : HepCla 

Segments : 28 
Offset : 406 
1st Codon : 1 

TPGAKQNIQLINTNGSWHINSTALNCNESL 
ACCCCTGGCGCTAAGCAAAACATTCAGCTCATCAATACCAATGGCT 



Gene : HepCla 

Segments : 29 
Offset : 421 
1st Codon : 1 

SWH INSTALNCNB SLNTGWLAGL 
AGCTGGCACATTAACTCCACCGCTCTGAATT^^ 



F Y Q H K P N 
rACCAACACAAATTCAAT 



Gene : HepCla 

Segments : 30 
Offset : 436 
1st Codon : 1 
NTGWLAGLFYQH 



KFNSSGCPERLASC 



R L T 
ACA 



Segments 
Offset 
1st Codon 
S S G 



HepCla 
31 
451 
1 

C P B R L A 



CRRLTDPDQGWGPISYAMGS 
ATTTCGATCAGGGATGGGGACCCATTAGCTATGCCAATGGCTCC 



Gene : HepCla 

Segments : 32 
Offset : 466 
1st Codon : 1 

D P P QGWGPI SYAHGSGPDQRPYCWHYP PKP 
GACTTTGACCAAGGCTGGGGCCCTATCTCCTACG^ 



Segments 



HepCla 
33 
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Offset : 481 
1st Codon : 1 

GPDQRPYCWHYPPKPCGIVPAKSVCGPVYC 
GGCCCTGACCAAJ^GCCTTACTGTTGGCATTACCCTC 

Gene : HepCla 

Segment* : 34 
Offset : 496 
1st Codon : 1 

CGIVPAKSVCGPVYCFTPSP 
TXSOGGAATCGTCCCOGCTAAGTCOGTGTC 



VVVGTTDRSG 
VCAGACAGAAGCGGA 



Gene 


: HepCla 




Segments 


: 35 




Offset 


: 511 




1st Codon 


: 1 




P T P 


S P V V V G 


TTDRSGAPTYSWGAHDTDVPV 


TTCACACOT 




ACWVCOGATAGGTCCGGCXjCTCCCACATACTC 


Gene 


: HepCla 




Segments 


: 36 




Offset 


: 526 




1st Codon 


: 1 





: HepCla 
Segments : 37 
Offset : 541 
1st Codon : 1 

LNNTRPPLGNWFGCTWMNSTGPTKVCGAPP 
CTGAATAA<aaUU3GCCTCCCCT^^ 



Gene : HepCla 

Segments : 38 
Offset : 556 
1st Codon : 1 

WMHSTGFTKVCGAPPCVIGGAGN 
TGGATGAACTCCACOGGATTCACAAAGGTCTGC 



T L H C P T 
fVTACCCTCCACTGTCCCACA 



Gene : HepCla 

Segments : 39 
Offset : 571 
1st Codon : 1 

C V I G GAGHHTLHCPTDCFRKHPBATYSRCG 

T^CGTCATCGGAGGCGCTGGCAATAACACACrrcCATT^ 



: HepCla 
Segments : 40 
Offset : 586 
1st Codon : 1 

D CF RKHPBATYSRCGSGPWITPRCLVDYPY 
GACTGTTTOIGAAAGCATCCCGAAGCCACATACTCC^ 

Gene : HepCla 

Segments : 41 
Offset : 601 
1st Codon : 1 

SGPWITPRCLVDYPYRLWHYPCTINYTIFK 
AGOGGACCCTGGATCACACCCAGATGCCTCGTGGATT^ 



Gene 
Segments 
Offset 
1st Codon 
R L W 



: HepCla 
42 
616 
1 

H Y P C T 



INYTIFKVRHYVGGVBHRLBA 



AGGCTCTGG<MTACCCTTGCACAATCAA^ 



Gene 
Segments 
Offset 
1st Codon 
V R H 



HepCla 
43 
631 
1 

Y V G G 



VBHRLBAACNWTRGBRCDLBDRD 
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GTGAGAATCTAT(nT3GGAGGCGTC 

Gene : HepCla 

Segments : 44 
Offset : 646 
1st Codon : 1 

CNWTRGBRCDLEDRDRSELS PLLLSTTQWQ 
TGCAATTGGACAAGGGGAGAGAGATGCGATCTGGAAGACA^ 

Gene : HepCla 

Segments : 45 
Offset : 661 
1st Codon : 1 
RSELSPLLL 



: HepCla 
Segment# : 46 
Offset : 676 
1st Codon : 1 

VLPCS FTTLPALSTGLIHLHQNIVDVQYLY 
GTGCTCCCCTGTAGCXTTACCACACTGCCTGCC^ 

Gene : HepCla 

Segment# : 47 
Offset : 691 
1st Codon : 1 

LIHLHQNIVDVQYLYGVGSSIASWAIKWBY 
CTGATTCACCTCCACCAAAACATTGTGGATGTGCAAT^ 



Gene 
Segment^ 
Offset 
1st Codon 



HepCla 
48 
706 
1 



GVGSS IASWAIKWE 



YVVLLFI»LI*ADARVCS 
TTCTGCTCCTGGCTGACGCTAGGGTCTGCTCC 



Gene : HepCla 

Segment# : 49 
Offset : 721 
1st Codon : 1 

VVLLF LLIiADARVCSCLWMMLLI S Q A E A A L 
GTGGTCCTGCTCTTCCTCCTtXrrCGCCX^ 

Gene : HepCla 

Segments : 50 
Offset : 736 
1st Codon : 1 

CLWMHLLISQABAALENLVILNAAS L A G T H 

TGCCTCTGGATGATGCTCCTGATTAGCCAAGCC^ 

Gene : HepCla 

Segments : SI 

Offset : 751 
1st Codon : 1 

BNLVILNAASLAGT 
GAGAATCTGGTCATCC 



HGLVSFLVFFC P A W Y L 



Gene 
Segments 
Offset 
1st Codon 
G L V S 



HepCla 
52 
766 
1 

F L V 



F F C F A W 



GGCCTCGTGTCCTTCC 



YLKGRWVPGAVYALYGM 
rATCTGAAAGGOVGATGGGTCCCCGGAGCCGTCTACGCTCTGTAT^ 



Gene 

Segments 
Offset 
1st Codon 




Gene 



HepCla 
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Segment # : 54 
Offset : 796 
1st Codon : 1 

WPLLLLLLALPQRAYALDTBVAASCGGVVL 
TGGCC 

Gene : HepCla 

Segment# : 55 
Offset : 811 
1st Codon : l 

ALDTEVAASCGGVVLVGLMALTLS P Y Y K R Y 
GCCCTCGACAOU3AGGTCG(XX3CTAGCTGTGGC^ 

Gene : HepCla 

Segments : 56 
Offset : 826 
1st Codon : 1 

VGLMALTLSPYYKRYISWCLWWLQYFLTRV 
GTGGGACTGATGGCttnracCCTCAGC^^ 

Gene : HepCla 

Segments : 57 
Offset : 841 
1st Codon : 1 

ISWCLWWLQYFLTRVEAQLHVWVP P L N V R G 
ATCTCCTGGTGTCTGTGGTGGCTCCAGTATTTCCT 

Gene : HepCla 

Segments : 58 
Offset : 856 
1st Codon : 1 

BAQLHVWVPPLNVRGGRDAVILLMCVVHPT 
GAGGCTCAGCTCCACGTCTGGGTCCCCCCTCrGA^ 

Gene : HepCla 

Segments : 59 
Offset : 871 
1st Codon : 1 

GR DAVILLMCVVHPTLVFDITKLLLAVFGP 
GGCAGAGACGCreTGATTCrGCTCATGTGTGTGGTC 

Gene : HepCla 

Segments : 60 
Offset : 886 
1st Codon : 1 

L V F D I TKLLLAVFGPLWI L Q A S LI*KVPYFV 
CTGGTCrTCGATATCACAAAGCTCCTGCIX^ 

Gene : HepCla 

Segments : 61 
Offset : 901 
1st Codon : 1 

L W ILQASLLKVPYFVRVQGLLR ICALARKM 
CTGTGGATCCTCCAGCCTAGCCTCCTGAAACTGCCTTA 

Gene : HepCla 

Segments : 62 
Offset : 916 
1st Codon : 1 

RVQGLLRICALARKMIGGHYVQMAI I K L G A 
AGGCTCCAGGGACTGCTCAGGATTTGCGCrCrGG 

Gene : HepCla 

Segments : 63 
Offset : 931 
1st Codon : 1 

IGGHYVQMAI IKI*GALTGTYVYNHLTPI»RD 
ATCGGAGGCCATTACGTCCAGATGGCCATTATC!AAACT^ 



Gene : HepCla 

Segments : 64 

Offset : 946 

1st Codon : 1 
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LTGTYVYNHLTPLRDWAHNGLRDLAVAVBP 
CTGACAGGCACATACGTCTACAATCACC^ 

Gene : HepCla 

Segments : 65 
Offset : 961 
1st Codon : 1 

WAHNGLRDLAVAVEPVVFSQMETKLITWGA 
TGGGCTCACAATGGCCTCAGGGATCTGGCTGTGGCTGT 

Gene : HepCla 

Segments : 66 
Offset : 976 
1st Codon : 1 

VVPSQMBTKLITWGADTAACGDIINGLPVS 

Gene : HepCla 

Segment S : 67 
Offset : 991 
1st Codon : 1 

DTAACGDI INGLPVSARRGRBI LLG PADGM 
GACAC3U3CCGCTTG05GAGACATmTCA^ 

Gene : HepCla 

Segment S : 68 
Offset : 1006 
1st Codon : 1 

ARRGREI LLGPADGMVSKGWRLLAP ITAYA 
GCCAGAAGGGGAAGGGAAATCTCTCCTGKX^CtXGCT 

Gene : HepCla 

Segraent# : 69 
Offset : 1021 
1st Codon : 1 

VSKGWRLLAPITAYAQQTRGLLGCI ITSLT 

Gene : HepCla 

Segments : 70 
Offset : 1036 
1st Codon : 1 

QQTRG LLGCI ITSLTGRDKNQVEGEVQIVS 
CAGCAAACCAGAGGCCTCCTGGGATGCATTATCACAAt^ 

Gene : HepCla 

Segments : 71 
Offset : 1051 
1st Codon : 1 

GRDKNQVBGBVQIVSTAAQTFLATCINGVC 
GGCAGAGACAAAAACXAAGTGGAAGGC^AAGTGOkAATCGTCA 

Gene : HepCla 

Segments : 72 
Offset : 1066 
1st Codon : 1 

TAAQT PLATCI WGVCWTVYHGAGTRTIASP 
ACCXOTGCCCAAACCTrTCTGGCTACC^ 

Gene : HepCla 

Segments : 73 
Offset : 1081 
1st Codon s 1 

WTVYHGAGTRTIASPKGPV IQMYTNVDQDL 
TGGACAGTGTATCACGGAGCXXXSAACCAGAACCATTGCC^ 

Gene : HepCla 

Segments : 74 
Offset : 1096 
1st Codon : 1 

KGPVI QMYTNVDQDLVGWPAPQGSR SLTPC 
AAG<^CCCGTCATCCAAATGTATACCAATGTCGATC^ 
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Gene : HepCla 

Segment # : 75 
Offset : 1111 
1st Codon : 1 

VGWPAPQGSRSLTPCTCGSSDLYLVTRHAD 
GTGGGATGGCCTGCCCCTCAGGGAAGCAGATlGCCrCACCC^ 



Gene 

Segments 
Offset 
1st Codon 



HepCla 
76 

1126 
1 



T CG S SDLYLVTRHADVI PVRRRGDSRG SLL 
ACCTGTtXSCTCCAGCGATCTGTATCTGGTCACCAG^ 

Gene 
Segment # 
Offset 
1st Codon 
V I P V 




Gene : HepCla 

Segments : 78 
Offset : 1156 
1st Codon : 1 

SPRPISYLKGSSGGPLLCPAGHAVG I F R A A 
AGCCCTAGGCCTATCTCCTACCTCAAGGG 

Gene : HepCla 

Segments : 79 
Offset : 1171 
1st Codon : 1 

LLC PAGHAVGI PRAAV 
CTGCTCTGCCCTGCCGGACACGCTGTGGGAAT 



CTRGVAKAVDP I P V 
VCAAGGGGAGTGGCTAAGGCItniGGATTTCATTCCCGTC 



Gene : HepCla 

Segments : 80 
Offset : 1186 
1st Codon : 1 

VCTRGVAKAVDFI PVBNLBTTMR 
GTGTGTACCAGAGGOGTCGCCAAAGCCGTOGACTTTATCCJCTGTGGAAAA 



P V P T D M 



Gene 
Segments 
Offset 
1st Codon 



HepCla 
81 

1201 
1 



E N L E T T M 

GAGAATCTGGAAACCACAAT 



R S P V 



FTDNSSPPAVPQSFQVAHL 
rAACrcCAGCCCTCCCGCTGTGCCTCAGTCX^^ 



Gene : HepCla 

Segments : 82 
Offset : 1216 
1st Codon : 1 

SSPPAVPQSFQVAHLHAPTGSGKSTKVPAA 
AGCTCCCCCCCTGCOGTCCCCC^AAGCT^^ 



Gene 
Segments 
Offset 
1st Codon 
H A P T 



HepCla 
63 

1231 
1 

G S G 



K S T K V 



CACGCTCCCACAGGCTCCGGCAAAAGC 



PAAYAAQGYKVLVLNPSV 
VTGCOGCTCAGGGATACAAAGTGCTXTGTGCTCAACCCTAGCGTC 



Gene : HepCla 

Segments : 84 
Offset : 1246 
1st Codon : 1 

YAAQGYKVLVLNPSVAATLGPGAYMSKAHG 
TACGCTGCCCAAGGCTATAAGGTCCTGGTCCTGAATCCCTCOT 



Gene 

Segments 

Offset 



HepCla 
85 

1261 
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l3t Codon : 1 
A A T L G 



PGAYNS KAHGIDPNIRTGVRTITTG 
VTGAGCAAAGCCCATGGCATTGACCCTAACATTAGGA 



Gene : HepCla 

Segment # : 86 
Offset : 1276 
1st Codon : l 

IDPNI RTGVRT ITTGSPI TYSTYGKP 
ATCGATCCCAATATCAGAACa»3AGTGAGAACCATTA 



L A D G 



: HepCXa 
Segments : 67 
Offset : 1291 
1st Codon : 1 

SPITYSTYGKFLADGGCSGGAYDIIICDEC 
AGCCCTATCACATACTCCACCTATGGCAAATTCXrTC^ 

Gene : HepCla 

Segments : 88 
Offset : 1306 
1st Codon : 1 

GCSGGAYDI IICDECHSTDATS ILGIGTVL 
GGCTGTAG<X3GAGGCGCTTACGATATCATTATC^^ 

Gene : HepCla 

Segments : 89 
Offset : 1321 
1st Codon : 1 

HSTDATSILGIGTVLDQABTA 
CACTCCACX^TGCCACAAGCATTCTGGGAA 



GARLVVLAT 



Gene : HepCla 

Segment^ : 90 
Offset : 1336 
1st Codon : 1 

DQABTAGARLVVLATATP PGSVTVPHPNZR 
GACCAAGCCX3AAACraCPGGCGCTAGGCTCGTG^ 



Gene 
Segments 
Offset 
1st Codon 



HepCla 
91 

1351 
1 

P G S V T V 



PHPNIBEVALSTTGKI PFYGK 
^TTGAGGAAGTGGCTCTGTCCACCACAGGCGAAAT^^ 



: HepCla 
Segments ; 92 
Offset : 1366 
1st Codon : 1 

BVALSTTGBIPFYGKAIPLEVIKGGRHLIF 
GAGGTCGCCCTCAGCACAACCX3GAGAGATT(X;CT 



: HepCla 
Segments : 93 
Offset : 1381 
1st Codon : 1 

A I P I* B V I KGGRHLI FCHSKKKCDBLAAKLV 
GCCATTCCCCTCGAGGTCATCAAAGGCGGAAGGCATCTGATTTT^ 

Gene : HepCla 

Segments : 94 
Offset : 1396 
1st Codon : 1 

CHS KKKCDBLAAKLVALG 
TCCCATAGCAAAAAGAAATGCGAT 



INAVAYYRGLDV 
VTCAATGCCGTCGCCTATTACAGAGGCCTCGACGTC 



Gene : HepCla 

Segments : 95 
Offset : 1411 
1st Codon : 1 

AIiG INAVAYYRGLDVSVI PTSGD 
GCCCTCGGCATTAACGCTGTGGCTTACTATAGGGGACTGGAT 



V V V V A T D 
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Gene : HepCla 

Segments : 96 
Offset : 1426 
1st Codon : 1 

SVIPTSGDVVVVATDALMTGYTGDPDSVID 

AGCGTCATCXTCTACCTCCGGCGATGTGGTCGTGGTCX^ 

Gene : HepCla 

Segment # : 97 
Offset : 1441 
1st Codon : 1 

ALMTGYTGDFDSVIDCNTCVTQTVDFS LDP 
GCCCTCATGACAGGCTATACCGGAGACTTTGACTCCXJTCAT^ 

Gene : HepCla 

Segments : 98 
Offset : 1456 
1st Codon : 1 

CUT C V TQTVDPSLDPTFTIETTTLPQDAVS 
TGCAATACCTGTGTGACAOUSACAGTGGATT^ 

Gene : HepCla 

Segment^ : 99 
Offset : 1471 
1st Codon : 1 

T P TIBTTTLPQDAVSRTQRRGRTGRGKPGI 
ACCTTTACCATTGAGACAACCACACTGCCT 

Gene : HepCla 

Segments : 100 
Offset : 1486 
1st Codon : 1 

RTQRRGRTGRGKPGI YRPVAPGERPSGMPD 
AGGACACAGAGAAGGGGAAGGAOVGGCAGAGGCAAACCCGGAATC 

Gene : HepCla 

Segments : 101 
Offset : 1501 
1st Codon : 1 

YRFVAPGBRPSGMFDSSVLCBCYDAGCAWY 
TACAGATTCGTCGCCCCTGGCGAAAGGCCTAGCGGAATGTTO 

Gene : HepCla 

Segments : 102 
Offset : 1516 
1st Codon : 1 

S S V L C BCYDAGCAWYB LTPAETTVR L R A Y H 
AG^TCCGTGCTCTGOGAATGCrATGACGCTGGCTGTGCCTGCT 

Gene : HepCla 

Segments : 103 
Offset : 1531 
1st Codon : 1 

BLTPABTTVRLRAYMNTPGLPVCQDHLBFW 
GAGCTCACCCCTGCC^AAACX^CAGTGAGACTGA 

Gene : HepCla 

Segments : 104 
Offset : 1546 
1st Codon : 1 

N T P G I* P V C Q D H L B F W BGVFTGLTHIDAHFL 
AACACACCCGGACTGCCTGTGTGTCAGGATCACXrrOGAGTTT^ 

Gene : HepCla 

Segments : 105 
Offset : 1561 
1st Codon r 1 

BGVFTGLTHIDAHFLSQTKQSGBNFPYLVA 
GAX3GGAGTGTTTACCGGACTGACACACATTGAO^ 

Gene : HepCla 

Segments : 106 
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Offset : 1576 
1st Codon : 1 

SQTK.QSGENFPYLVAYQATVCARAQAPPPS 
AGCCAAACCAAACAGTCCGGCGAAAACTTTCCCTATCTCXnXXXrCTATC^ 

Gene : HepCla 

Segment** : 107 
Offset : 1591 
1st Codon : 1 

YQATVCARAQAPPPSWDQMWKCLIRLKPTL 

TACX!AAGCCACAGTGTGTGCCAGAGCCCAAGCCCCTCCCCCT 

Gene : HepCla 

Segments : 108 
Offset : 1606 
1st Codon : 1 

W D Q M W KCLXRLKPTLRG PTPLLYRLGAVQN 
TGGGATCAGATGTGGAAATTCCTCATCAGACTGAAACC^ 

Gene : HepCla 

Segment* : 109 
Offset : 1621 
1st Codon : 1 

HGPTPLLYRLGAVQNEVTI.THPVTKYIMTC 

CACGGACCCACACCCCTCCTGTATAGGCTCGGCGCTGTGCAAAA 

Gene : HepCla 

Segment* : 110 
Offset : 1636 
1st Codon : 1 

BVTLTHPVTKYIMTCMSADLEVVTSTWVLV 

GAGGTCACCCTCACCX^TCXXXn'CA 

Gene : HepCla 

Segment# : 111 
Offset : 1651 
1st Codon : 1 

MSADLEVVTSTWVLVGGVLAALAAYCLS TG 
ATGTCXTGCCGATCTGGAAGTGGTCAC!ClCCACXriGGGTG 

Gene : HepCla 

Segments : 112 
Offset : 1666 
1st Codon : 1 

GGVLAALAAYCLSTGCVV1VGRIVLSGK PA 
GGCGGAGTGCTCGCCGCTCTGGCTG<XTATTGCC^ 

Gene : HepCla 

Segments : 113 
Offset : 16B1 
1st Codon : 1 

CVVIVGRIVtiSGKPAI IPDREVLYREFDEM 
TCCGTCGTGATTGTGGGAAGGATTGTGCTC^ 

Gene : HepCla 

Segments : 114 
Offset : 1696 
1st Codon : 1 

IIPDRBVLYREPDEMEBCSQHLPYI BQGMM 
ATCATTCCXTGATAGGGAAGTGCTCTACAGAGAGTTT^ 

Gene : HepCla 

Segments : 115 
Offset : 1711 
1st Codon : 1 

EBCSQHLPYI EQGHMLAEQFKQKAI*GLLQT 
GAGGAATGCTCCCAGCATCTGCCTTACATTGAGCAft© 

Gene : HepCla 

Segments : 116 
Offset : 1726 
1st Codon : 1 

LABQFKQKALG L.L QTASRQAEVIAPAVQTN 
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CTGGCTGAGCAATTCAAACAGAAAG^ 

Gene : HepCla 

Segment # : 117 

Offset : 1741 

1st Codon : 1 

ASRQABVIAPAVQTNWQKLBVFWAKHMWNF 
GCCTCCAGGCAAGCCGAAGTGATTGCCCCTG^OT 

Gene : HepCla 

Segments : 118 
Offset : 1756 
1st Codon : 1 

WQKLEVPWAKHMWNFISG I QYLAGLSTLPG 
TGGCAAAAGCTCGAGGTCTTCTGGGCCAAACACATGTC 

Gene : HepCla 

Segment# : 119 
Offset : 1771 
1st Codon : 1 

ISGIQYLAGLSTLPGNPA IAS LMAFTAAVT 
ATCTCCGGCATTCAGTATCTGGCTGGCCTCAGCAC^ 

Gene : HepCla 

Segment # : 120 
Offset : 1766 
1st Codon : 1 

N PAI AS LMA FTAAVT SP LTTS QTLLFNI L G 
AACCCTGCCATTCCXTTCCCTGATGGCCTTTACa^ 



Gene 

Segment# 
Offset 



HepCla 
121 
1801 
1st Codon : 1 

SPLTTSQTLLFNILGGWVAAQLAAPGAATA 
AGCCCTCTGACAACCTCCCAGACACTGCTCTTCA 

Gene : HepCla 

Segments : 122 

Offset : 1816 

1st Codon : 1 



Gene : HepCla 

Segments : 123 
Offset : 1831 
1st Codon : 1 

FVGAGLAGAAIGSVGLGKVLVDILAGYGAG 

ATCGGAAGOGTOGGCCTCGGCAAAGTGCTCGTGGA 



Gene 
Segments 
Offset 
1st Codon 



HepCla 
124 
1846 
1 



L G K V L V D 
CTGGGAAAGGTCCTGGTCGACAT 

Gene : HepCla 

Segments : 125 
Offset : 1861 
1st Codon : 1 

VAGALVAFKIMSGBVPSTEDLVNLLPAILS 
GTGGCTGGCGCTCTCGTCGCCTTTAAGATTATGTCCGGCG^ 

Gene : HepCla 

Segments : 126 
Offset : 1876 
1st Codon : 1 

P S T B D b V 
OCCTCCACCGAAGACCTCGTGAAT 

Gene : HepCla 
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Segment* : 127 
Offset : 1891 
1st Codon : 1 

PGAI.VVGVVCAAILRRHVGPGBGAVQWMNR 

Gene : HepCla 

Segment* : 128 
Offset : 1906 
1st Codon : 1 

RHVGPGEGAVQWMNRLIAFASRGNHVSPTH 
AGGCATGTGGGACCCGGAGAGGGAGCCXmxmGTGGATGAATAGGCTCA 

Gene : HepCla 

Segment* : 129 
Offset : 1921 
1st Codon : 1 

LIAFASRGNHVSPTHYVPBSDAAARVTAI L 
CTGATTGCCTTTCCCTCCAGGGGAAACCATC 

Gene : HepCla 

Segment* : 130 
Offset : 1936 
1st Codon : 1 

YVPESDAAARVTAILSSLTVTQLLRRLHQW 
lAGGTCCCCGAAAGCGATGCCGCTGCCAGAGTG^ 

Gene : HepCla 

Segment* : 131 
Offset : 1951 
1st Codon : 1 

SSLTVTQLLRRLHQWI SSECTTPCSGSWLR 
AGCTCCCTGAOWnXSACAaVGCTCC^ 

Gene : HepCla 

Segment* : 132 
Offset : 1966 
1st Codon : 1 

ISSECTTPCSGSWLRDIWDWICEVLSDFKT 
ATCTCOUKX^TCCACAACCCCTIGCTCCGGCTC^^ 

Gene : HepCla 

Segment* : 133 
Offset : 1981 
1st Codon : 1 

DIWDWICBVLSDPKTWLKAKLMPQL.PG I PF 
GACATTTGGGATTGGATTTGCGAAGTGCTCAGC^ 

Gene : HepCla 

Segment* : 134 
Offset : 1996 
1st Codon : 1 

WLKAKIiMPQLPGIPPVSCQRGYKGVHRGDG 
TGGCTCAAGGCTAAGCTCATGCCTCAiGCTCCC^ 

Gene : HepCla 

Segment* : 135 
Offset : 2011 
1st Codon : 1 

VSCQRGYKGVWRGDGIMHTRCHCGAEl TGH 
GTXSTCCTGCCAAAGGGGATACAAAGGCGTCTGGAGAGGCGATGGC^ 

Gene : HepCla 

Segment* : 136 
Offset : 2026 
1st Codon : 1 

IMHTRCHCGAEITGHVKNGTMRIVG PRTCR 
ATCATGCACACAAGGTGTCACTGTGGCG<rrGAGAT 

HepCla 
137 
2041 
1 



Segment* 
Offset 
1st Codon 
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VKNGTMRIVGPRTCRNMWSGTFPINAYTTG 
GTGAAAAACGGAACCA7GAGGATTGTGGGACCCAGAACCTGTAG 



Gene 
Segment # 
Offset 
1st Codon 
N M W S 



Hepcia 
138 
2056 
1 

G T P P 



INAYTTGPCTPL 



APNYTFALW 



AACATtnGGTCCGGCAC!ATTCCCTATCAATGCCTATACCACAGGTC 



Gene 
Segment # 
Offset 
1st Codon 



HepCla 
139 
2071 
1 



ABEYVBI RRVGD 
TATGTGGAAATCAGAAGGGTCGGCGAT 



Gene : HepCla 

Segments : 140 
Offset : 2086 
1st Codon s 1 

RVSAEEYVBIRRVGDFHYVTGMTTDNbKCP 
AGGGTCAGCGCTGAGGAATACGTCGAGATTAGGAGAGTGGGAGA 



; HepCla 
Segment # : 141 
Offset : 2101 
1st Codon : 1 

FHYVTGMTTDW 
TTCCATTACGTCACCGGAATGACAACCGATAAC 



L K C P C Q V 



PSPEFFTELDGV 
VTTCTTTACCGAACTGGATGGCGTC 



Gene : HepCla 

Segment* : 142 
Offset : 2116 
1st Codon : 1 

CQVPS PBPFTELDGVRLHRFA PPCK P L L R E 
TCCX!AAGTGCCTAGCCCTGAGTTTTTCACAGA CCTCTGCTCAGGGAA 

Gene : HepCla 

Segments : 143 
Offset : 2131 
1st Codon : 1 

RLHRFAPPCKP LLRBBVSFRVGLHBYPVGS 
AGGCTCCACAGATTOKrrCCCrCTTGaUVA 

Gene : HepCla 

Segments : 144 
Offset : 2146 
1st Codon : 1 
BVSFRVGL 



BY PVGSQLPCBPE PDVAVLTS 
ATACCCTGTGGGAAGCCAACTGCCTTGCGAACCCIGAACCCGAT^ 



Gene 
Segments 
Offset 
1st Codon 



HepCla 
145 
2161 
1 



QLPCE PBPDVA 



VLTSMLTDPSH1TABAAGR 
\TGCTGACAGACCCTAGCCATATCACAGCCX5AAGCCGCTGGCAGA 



Gene : HepCla 

Segments : 146 
Offset : 2176 
1st Codon : 1 

MLTDPSHI TABAAGRRLARGS PPSMAS S S A 
ATGCTCACCGATCCCTCCOraTTAC^^ 

Gene : HepCla 

Segments : 147 
Offset : 2191 
1st Codon : l 

RLARG SPPSMASSSASQLSAPSLKATCTAN 
AGGCTOGCCAGAGGCTCCCCCCCTAGCATGGCCTCCAGCTCC^ 
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Gene : HepCXa U5/2 ™ 

Segment # : 14 B 
Offset : 2206 
1st Codon : 1 

S Q JL_? apslkatctan hdspdablieanllw 

AGCCAACTCmXGCCCCTAGCCTO«GGCT 

Gene : HepCla 

Segment* : 149 
Offset : 2221 
1st Codon : 1 

HDSPDAELIBANLLWRQEMGGNITRVESEN 
CACX^TAGCCCTGACGCTGAGCTCAT 

Gene : HepCla 

Segment* : 150 
Offset : 2236 
1st Codon : 1 

RQEMGGNI TRVBS BNKVVI 
AGGCAAGAGATGGGCGGAAACATTACCAGAGTGGAAAGCGAAAAC^ 



LDSPDPLVAB 



Gene : HepCla 

Segment* : 151 
Offset : 2251 
1st Codon : 1 

K V V I I> D 
AAGGTCGTGATTCTGGAT, 



Gene : HepCla 

Segment* : 152 
Offset : 2266 

1st Codon : 1 

DBRBISVPAEI LRKSRRFAQALPVWA R PDY 
GACGAAAGGGAAATCTCCGTCTCCrcCCGAAATCCTCA 

Gene : HepCla 

Segment* : 153 
Offset : 2281 
1st Codon : 1 
R R P A Q A Zi 



Gene 
Segment* 
Offset 
1st Codon 



HepCla 
154 
2296 
1 



NPPLVvBTWK 



Gene : HepCla 

Segment* : 155 
Offset : 2311 
1st Codon : 1 

PVVHGCPLP 
CCCGTCGTGCAT 



KPDYBPPVVHGCPIiPPPRSPP 

MTACGAACCCCCTGTGGTCCACGGAT^ 



PPRSPPVPPPR KKRTVVLTES 



Gene : HepCla 

Segment* : 156 
Offset : 2326 
1st Codon : 1 

VPPPRKKRTVVLTESTLSTALAELATKSPG 
GTGCCTCCranVVGGAAAAAC^AACCGT 

Gene : HepCla 

Segment* : 157 
Offset : 2341 
1st Codon : 1 

TLSTALABLATKSPGSSSTSGI'TGDNTTTS 
ACCCTCAGCACAGCCCTCGCCXJAACTGGCTACC^ 



Gene 

Segment* 

Offset 



HepCla 

158 

2356 
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1st Codon : 1 

SSSTSGIT6DNTTTSS B PAPSGCP POSDAE 
AGCTCCAGCAOUVGOGGAATCACAGGCGATAACACAAOCACAAGCTCC^ 

Gene : HepCla 

Segments : 159 
Offset : 2371 
1st Codon : 1 

SEPAPSGC PPDSDAESYSSMPPLEGBPGDP 
AGCGAACaXfCTCCCTCCGGCTGTC^ 

Gene : HepCla 

Segments : 160 
Offset : 2386 
1st Codon : 1 

SYS SMPPLBGEPGDPDLSDGSWSTVSSEAG 
AGCTATAGCTCCATGCCTCCCCTCGAGGGAGA 

Gene : HepCla 

Segments : 161 
Offset : 2401 
1st Codon : 1 

DLSDGSWSTVSSBAGTEDVVCCSMSYSWTG 
GACXrrCAGCGATGGCTCCTGGTCCACCGTCAGCITC 

Gene : HepCla 

Segment# : 162 
Offset : 2416 
1st Codon : 1 

TEDVVCCSMSYSWTGALVTPCA 
ACCGAAGACGTCGTGTGTTGCTCCATGTCCTACrCClGGAC 

Gene : HepCla 

Segment^ : 163 
Offset : 2431 
1st Codon : 1 

A LV TPCAAEEQKLPINALSNSLLRHHNLVY 
GCCCTCGTGACACCCTGTGCCGCTGAGGAA 

Gene : HepCla 

Segments : 164 
Offset : 2446 
1st Codon : 1 

NALSNSLLRHHNLVYSTTSRSACQRQKKVT 
AACGCTCTGTCCAACTCCCTGCTCAGGCATCACAAT^ 

Gene : HepCla 

Segments : 165 
Offset 2461 
1st Codon : 1 

STTS RSACQRQKKVTFDRLQVLDS H Y Q D V L 
AGCACAACCTCCAGGTOXXrCItm^AGACAG 

Gene t HepCla 

Segments : 166 
Offset : 2476 
1st Codon : 1 

FDRLQVLDSHYQDVLKBVKAAASKVKANLL 
TTCGATAGGCTCCAGGTCCTCGATAGCCATTA 

Gene : HepCla 

Segments : 167 
Offset : 2491 
1st Codon : 1 

KBVKAAASKVKANLLSVBEACSLT PPHSAK 

^TTGCTCCCTGACACrcCCTCACTCCGCCAAA 



Gene : HepCla 

Segments : 16 B 
Offset : 2506 
1st Codon : 1 

S V B B AC SLTPPHSAKSKFGYGAKDVRCHAR 
AGCGTCGAGGJUMSCCTGTAGCCTCACCCCTCCCCAT^ 
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Gene : HepCla 

Segments : 169 
Offset : 2521 
1st Codon : 1 

S K F G Y G A KDVRCHARKAVAH INSVWKDLLE 
AGCAAATTCX5GATACGGAGCCAA7VGACGTCAGGTGTCA 



Gene : HepCla 

Segments : 170 
Offset : 2536 
1st Codon : 1 

KAVAH INSVWKDLLEDSVTP 1 DTTIMAKN E 
AAGGCTCTGGCTCACATTAACTCCtntSTGGA^ 

Gene : HepCla 

Segments .* 171 
Offset : 2551 
1st Codon : 1 

DSVTPIDTT IMAKNBVFCVQPEKGGRKPAR 
GACTCCGTGACACCCATTGACACAACCATTATGGCTAAGAAT 



Gene 
Segment* 
Offset 
1st Codon : 1 
V F C V Q 



HepCla 
172 
2566 



PBKGGRKPARLI VFPDLG 



V R V C E K M 

VTG 



Gene : HepCla 

Segments : 173 
Offset : 2581 
1st Codon : 1 

LIVFPDLGVRVCBKMALYDVVSKLPLAVMG 
CTGATmi^'l T l C CCGATCl^ 

Gene : HepCla 

Segments : 174 
Offset : 2S96 
1st Codon : 1 

ALYDVVSKLPLAVMGSSYGPQYSPGQRVEF 
GCCCTCTACGATGTGGTCAGCAAACTGCCT^ 

Gene : HepCla 

Segments - 175 
Offset : 2611 
1st Codon : 1 

6SYGFQYS PGQRVEFLVQAWKSKKTPMGFS 
AGCTCCTACGGATTCCAATACTCXXZCCGGAGAGAG 

Gene : HepCla 

Segments : 176 
Offset : 2626 
1st Codon : 1 

I* V Q A W KS KKTPMGFSYDTRC F* DSTVTES DX 
CTGGTCCAGGCTPGGAAAAGCAAAAAGACACCCATG 

Gene : HepCla 

Segments : 177 
Offset : 2641 
1st Codon : 1 

YDTRCFDSTVTBSDIRTBBAI YQCCDLDPQ 
TACGATACCAGATGCTTTGACTCCACCGTC^ 

Gene : HepCla 

Segments : 178 
Offset : 2656 
1st Codon : 1 

RTBBA IYQCCDLDPQARVAI KSLTERLYVG 
AGGACAGAGGAAGCCATTTACCAATGCTGTGACCTCGAC^ 

Gene : HepCla 

Segments : 179 
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Offset : 2671 
1st Codoil : 1 

A R V A I KSLTBRLYVGGPLTNSRGENCGYRR 
GCCAGAGTCSGCTATCAAAWSCCTCACCXjAAAGGCTCTACGTCGG^ 

Gene : HepCla 

Segments : 180 
Offset : 2686 
1st Codon : 1 

GPLTWSRGBNCGYRRCRASGVLTTSCGNTL 
GGCXCTCTGACAAACTCCAGGGGAGAGAATTGCGGA 

Gene : HepCla 

Segment# : 181 
Offset : 2701 
1st Codon : l 

CRASG VLTTSCGNTLTCYI KARAACRAAGL 
TGCAGAGCCTCCGGCGTCCTGACZAACCTC^ 

Gene : HepCla 

Segment** z 182 
Offset : 2716 
1st Codon : 1 

T C Y I KARAACRAAGLQDCTMLVCGDDLVVI 
ACCTGTTACATTAAGGCTAGGGCTGCCTGTAGGGC^^ 

Gene : HepCla 

Segments .- 183 
Offset : 2731 
1st Codon : 1 

Q D C T M L V C GDDItVVI CB SAGVQBDAAS L R A 
CAGGATTGCACAATGCTCGTGTGTGGCGATGACCTCGTC 

Gene : HepCla 

Segment* : 184 
Offset : 2746 
1st Codon : 1 

CESAGVQBDAASLRAFTEAMTRYSAPPGDP 
TGCGAAAGCGCTGGCXSTOT^GAAGACGCTGCCTC 

Gene : HepCla 

Segment^ : 185 
Offset : 2761 
1st Codon : 1 

FTBAMTRYSAPPGDPPQPEYDLELITSCSS 
TTCACAGAGGCTATGACAAGGTATAGCGCTC^^ 

Gene : HepCla 

Segments : 186 
Offset : 2776 
1st Codon : 1 

PQPBYDLELITSCSSNVSVAHDGAGKRVYY 
CCCCAACCCGAATAOGATCTGGAACTGATTACCTCCTGCTCa^ 

Gene : HepCla 

Segments : 187 
Offset : 2791 
1st Codon : 1 

NVSVAHDGAGKRVYYLTRDPTTPLARAAWE 

AACGTCAGCGTCX^CCATGAOGGAGCCGGAAAGAGAGTGTATTA 

Gene : HepCla 

Segment# : 168 
Offset : 2806 
1st Codon : 1 

LTRDPTTPLARAAWETARHTPVNSHLGNI I 
CTGACAAGGGATCCO^CAACCCClXnt3GCTAGC5GCT 

Gene : HepCla 

Segments : 189 
Offset : 2821 
1st Codon : 1 

TARHTPVNSWIjGNI IMFAPTLWARMILMTH 
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ACCGCTAGGCATACXXCTGTGAATAGCT^ 

Gene : HepCla 

Segment* : 190 
Offset : 2836 
1st Codon : 1 

MPAPTLWARM ILMTHFFSVLIARDQLEQAL 
AT6TTT6CCCCTACCCTCTGG6CTAG6AT6ATCCTCATGACACA 

Gene : HepCla 

Segments : 191 
Offset : 2851 
1st Codon : 1 

PFSVLIARDQItBQALDCB IYGACYSIEPLD 
TTCTITAGCGTCCTGATTGCCAGAGACCAACTC 

Gene : HepCla 

Segments : 192 
Offset : 2866 
1st Codon : 1 

DCB IYGACYS IEPLDLPP I I QRLHGLSAPS 
GACTGTGAGATTTACGGAGCCTGTTACTCCATC^ 

Gene : HepCla 

Segments : 193 
Offset : 2881 
1st Codon : 1 

L P P I IQRLHG LSAPSLHS YS PG B I N R V A A C 
CTGCCTCCCATTATCCAAAGGCTCCACGGACTGTCCGCCITTAGCCT 



Gene 
Segments 
Offset 
1st 



HepCla 
194 
2896 
1 

LHSYSPGEINRVAACLRKLGVPPLRAWRHR 
CTGCATAGCTATAGCCCTGGCGAAATCAATAGGCT 

Gene : HepCla 

Segments : 195 
Offset : 2911 
1st Codon : 1 

LRKLGVPPLRAWRHRARSVRARLLARGGRA 

Gene : HepCla 

Segments : 196 
Offset : 2926 
1st Codon : 1 

ARSVRARLLARGGRAAICGKYLFNWAVRTK 
GCCAGAAGCGTCAGGGCTAGGCTCCTGGCTAGGGGAGGCAGAGCCGCT 

Gene : HepCla 

Segments : 197 
Offset : 2941 
1st Codon : 1 

AICGKYLPNWAVRTKLKLTPIAAAGRLDLS 
GCCATTTGCGGAAAGTATCTGTTTAACTGGGCCCT 

Gene : HepCla 

Segments : 198 
Offset : 2956 
1st Codon : 1 

LKLTPIAAAGRLDLSGWPTAGYSGGDIYHS 
CTGAAACTGACACCCATTGCCGCTGCCGGAAGGCTC 

Gene : HepCla 

Segments : 199 
Offset : 2971 
1st Codon : 1 

GNPTAGYSGGDI YHSVSHARPRWFWPCLLL 
GGCTGGTTCACAGCCXSGATACTCCGGCGGAGACATTTACCATAG 



Gene : HepCla 
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Segment # : 200 
Offset : 2986 
1st Codon : l 

VSHARPRW PWPCLLLLAAGVGI YLLPNRAA 
GTGTCCCA(XXn , AGGCCTAGGTGGTTCTGG17CT6TCT6<^^ 



Gene 
Segments 
Offset 
1st Codon 



HepCla 
201 
3001 
1 



LAAGVGIYLLPNRAA 



Segments in scrambled order: 



HepCla #77 

VIPVRRRGDSRGSI»LSPRPISYI,KGSSGGP 
GTGATTCCCGTCAGGAGAAGGGGAGACTCCAGGGGAAGCCT 

HepCla #68 

ARRGREILLGPADGMVS KGWRLLAP ITAYA 
GCCAGAAGGGGAAGGGAAATCCTCCTGGGACCCGCTGACGGAATGGTC^ 

HepCla #143 

R L H R _P A P P C KPLLRBBVSFRVG LHBYPVGS 
AGGCTCCACAGATTCGCTCCOCCTTGCAAACCCCTCCTG^ 

HepCla #66 

VVFSQMETKI.ITWGADTAACGDI INGLPVS 
ATGGAGACAAAGCTCATCACATXMKGAGCCGATACCGCTG^ 

VCTRGVAKAVD FIPV 
ftCAAGGGGAGTGGCTAAGGCTGTGGATTTCATTCCCGTC 

HepCla #113 

CVVIVGRIV LSGKPAI I PDREVLYRBFDBM 
TGCCTOSTGATTGTGGGAAGGATTXntXrrCAG 

HepCla #139 

PCTPLPAPNY T F ALWRVSAEEYVEI RRVGD 
CCCTGTACCCCTCTGCCTCCCCCTAACTATACCTTTGCCCT 

HepCla #174 

ALYDVVSKL PLAVMGSSYGFQYS PGQRVBF 
GCCXrrCTACGATGTGGTCAGCAAACTGC!CTC 

HepCla #57 

ISWCLWWLQY FLTRVBAQLHVWV PP LHVRG 
ATCrCCTGGTGTCTGTGGTGGCTCCAGTATO 

HepCla #51 

B H Jj V ILNAASLAGTHGLVSFLVFFC FAWYL 
GAGAATCTGGTCATCCTCAACGCTGCCTCCCT^ 

HepCla #193 

LPPIXQRLHGLSAFSLHSYSPGEIMRVAAC 
CTGCCTCCCATTATCCIUUW^rrCC^ 

HepCla #154 

NPPLVETWKKPDYBPPVVHGCPLPPPRSPP 
AACCCTCCCCTCGTGGAAACCTGGAAGAAACCCG^ 

HepCla #48 

GVGSSIASWAIKWEYVVLLPLLLADARVCS 
GGCGTCGGCTCCAGCATTGCCTCCTGGGCTA 

HepCla #37 

L H N T R P PLGNWFGCTHMNSTG FTKVCGAPP 
CTGAJVrAACACAAGGCCTCCCCTCGGCAATTG 

HepCla #185 

FTEAMTRYSAPPGDPPQPEYDLELITSCSS 
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lTCCCCCTCAGCCTGAGTATGACXrrCGAGCrCAT(^CAAGCTGTAGCTCC 



HepCla #54 

WPLLLLLLALPQRAYALDTEVAASCGGVVL 
TGGCCTCTGCTCCTGCrcCTGCTCGCCCTCCCCCAA 



Hepcia #70 

QQTRGLLGC I ITSLTGRDKNQVEGEVQIVS 
CAGCAAACCAGAGGCCTCOTSGGATGCATTAT^ 

HepCla #82 

SSPPAVPQS FQVAHLHAPTGSGKSTKVPAA 
AGCTCCCCCCCTGCOn^CCCCAAAGCTTTCAGGTCGCCC^^ 

HepCla #104 

NTPGLPVCQDKLBFWBGVFTGLTHIDAHFL 
AACACACCCGGACTGCCTGTGTGTCAGGATCAC^ 

HepCla #26 

VLLLFAGVDAETHVTGGHAGRTTSGLVSLL 
GTGCrcCTGCTCTTCGCTGX3CGTCGACGCTGAGACAC^ 

HepCla #110 

BVTLTHPVTKYIMTCM SADLBVVTSTWVLV 
GAGGTCACCCTCACCCATCCCGTCACCAAATACATTATGACATGCAT^ 

HepCla #56 

VGLMALTLS PYYKRYISWCLWWLQYFLTRV 
GTGGGACTGATGGCXTCTCACCXrTCAGCCCTTA 

HepCla #197 

A I C G K Y It F NWAVRTKLKLTPIAAAGRLDLS 
GCCATTTGCGGAAAGTATCTGTTTAACTGGGCCX^ 

HepCla #25 

IAYFSMVGNWAKVLVVfcLLFAGVDABTHVT 
ATCGCTTACTTTAGCATGGTGGGAAACrGGGCCAAAGTC 

HepCla #147 

RLA RGSP PS MASSSASQLSAPS LKATCTAN 




HepCla #52 

GI»V SFLVFF CFAHYLKGRWVPGAVYALYGM 
GGCCTCGTGTCCTTCCTCGTGT^^ 

HepCla #145 

QLPCBPEPDVAVLTSMLTDPSHI TABAAGR 

HepCla #171 

DSVTPIDTT IMAKNEVFCVQPE KGGRKPAR 
GACTCCXHtlACACCCATTGACACAACCATT^^ 

HepCla #84 

YAAQGYKVLVLNPSVAATLGFGAYMSKAHG 
TACGCTGCC^CAAGGCTATAAGGTCCTGGTCCITSAATC^ 

HepCla #14 

V R N STGLYHVTNDCPNS SIVYEAADAILHT 
GTGAGAAACTCCACCGGACTGTATCACGTCACCAATGACTGTCCCA^ 

HepCla #175 

SS YGFQYSPGQRVBFLVQAWKS KKTPMGFS 
AGCTCCTACGGATTCCAATACTCCCCCGGACAGAGAGT^ 

HepCla #67 

DTAACGDII NGLPVSARRGRBI LLGPADGM 
GACACAGCOGCTTGCXJGAGACATTATCAATGGCCTC^ 

HepCla #148 

SQLSAPSLKATCTANHDSPDAEL1BANLLW 
AGCCAACTTCrr(XGCX!CCrAGCCrCAAGGCT 
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HepCla #120 

N P A I A 
AACCCTGCCAT 



L M A F TAAVTS PLTTSQTI»I*FN I L G- 
fcTGGCCTTTACCrariraXGTCACCT 



HepCla #176 

I* V Q A W KSKKTPMGPSYDTRCFDSTVTBSDI 
CTGGTCCAGGCTTGGAAAAGCAAAAAGACACCCATGGGCTTT^ 



HepCla #152 

D B R B I S 
GACGAAAGGGAAAT 



PARI LRKSRRFAQALPVWAR PDY 
ATCCTCAGGAAAAGCAGAAGGTTI^CC3^AGCCXrrrc 



HepCla #190 
MFAPTLHARHI LMTH 



FFSVLIARDQLEQAL 
VTCGCTAGGGATCAGCTOGAGCAAGCCCTC 



HepCla #96 

SVIPTSGDVVVVATDALMTGYTGDFDSVID 
AGCGTCATCCCTACCTCCXXSCGATCTGGTCGTGGTOG^ 




LHQNIVDVQYLY 
iTCGTCGACGTCCAGTATCTGTAT 

HepCla #53 

KGRHVPGAVYALYGMWPLLLLLLALPQRAY 
AAGGGAAGGTGGGTGCCTGGOGCTGTGTATGCCCTCTACGGAATGTGG 

HepCla #87 

SPIT Y S TYGKFIiADGGCSGGAYD I I ICDBC 
AGCCCTATC^CATACTCXarcTATGGCAAATTC 



HepCla #196 

ARSVRARLLARGGRAAICGKYLFNWA 
GCCAGAAGCGTCAGGGCrAGGCTCCTGGCTAGGGGAGGC^ 



V R T K 



HepCla #170 

K A V A H I 
AAGGCTGTGGCTCACAT 



N S 



VHKDLLBDSVTPIDTTI M A K N B 
VTCTGCTCGAGGATAGCGTCACCCCTATCX^TACXACSUVTCATGGC 



HepCla #35 

FTPSPVVVGTTDRSGAPTYSWGANDTDVFV 
TTCACACCCTCCCCCGTCG w ltynt^GCAC^ 



HepCla #16 

P G C V 
CCCGGAT 



PCVREGNA 



SRCWVAHTPTVATRDGKI* 
^TGCTGGGTGGCTATGACArcCACAGTGGCTACCAGAGACGGAAAGCTC 



HepCla #183 

Q D C T M L V C GDDLVVICBSAGVQBDAASLRA 
CAGGATTtX3\CAATGCTCGTGTGTGGOGATGACCTCGT^ 

HepCla #125 

VAGALVAFKI MSGEVPSTBDLVNLL PAI L S 
GTGGCIGGCGCTCTGGTOKCTTTAAGATTATC 

HepCla #177 

YDTRCFDSTVT ESDI RTBEAI YQCCDLD PQ 
TACGATACCAGATGCTTTGACTCCACCGTCACCXSAAAGC^ 

HepCla #103 

BLTPABTTVRLRAYMNTPGLPVCQDHLBFW 
GAGCTCACCCCTG(XX3AAACC^CAGTGAGACTGAGAG 

HepCla #186 

PQPBYDLBLITSCSSNVSVAHDGAGKRVYY 
CCCCAACCCGAATATCATCTGGAACTGATTACCTC 
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HepCla #9 

LGKVIDTLTCGFADLMGYI PLVGAPLGGAA 
CTGGGAAAGGTCATCGATACCCTCACCTGTGGCTTTG^ 

HepCla #93 

AIPLBVIKGGRHL I P CHSKKKCDELAAKLV 
GCCATTCCCCTCGAGGTCATCAAAGGCGGAAGGCATCTGATT^ 

HepCla #112 

G GVLAALAAYCLSTGCVVIVGRIVLSGKPA 
GGCXXJAGTGCTCX^CGCTCTGGCTGCCTATTGCCT 

HepCla #184 

CBSAGVQEDAASLRAFTBAMTRYSA PPGDP 
HepCla #199 

GWFTAGYSGGDIYHSVSHARPRWFWFCLLL 
GGCTGGTTCACAGCCGGATACTCCGGCGGAGACATTTACCA^ 

HepCla #158 

SSSTSGITGDNTTTSSEPAPSGCPPDSDAE 
AGCTCCAGCACAAGCGGAATCACAGGCGATAACACAACX^ 

HepCla #100 

RTQRRGRTGRGKPGIYRFVAPGBRPSGMPD 
AGGACACAGAGAAGGGGAAGGACAGGCAGAGGCAAACCCGGAATCT 

HepCla #43 

VRMYVGGVBHRLBAACNWTRGBRCDLEDRD 
GTGAGAATGTATGTGGGAGGtt^TCXSAGCATAG^ 

HepCla #58 

BAQLHVWVPPLNVRGGRDAVI LLKCVVHPT 
GAGGCTCAGCTCCACXntrTGGGTCCCCCCTCTGAA 

HepCla #4 \ 

LGVRATRKTSBRSQPRGRRQPI PKARRPBG 
CTGGGAGTOAGAGCCAaUVGGAAAACCTCCGAGAGAA 

HepCla #187 

WVS VA HDG AG KRVYYLTRD PTT PLARAAWB 
AACGTCAGCGTCGCCCATGACGGAGCOGGAAAGAGAGTGTA^ 

HepCla #159 

SBPAPSGCPPDSDAESYSSMPPLBGBPGDP 
AGGGAACCCGCTCCCTCGGGCTGTCOCCCTGACT^ 

HepCla #63 

IGGHYVQMAI IKLGALTGTYVYNHLTPLRD 
ATCGGAGGCCATTACGTCX^^GATGGCCATTATCAAACTGGGAGC^ 

HepCla #126 

PSTBDLVNLLPAI LSPGALVVGVVCAAILR 
CCCTCCACCGAAGACCTCGTGAATCTGCT^ 

HepCla #24 

I LDMIAGAHWGVLAGIAYFSMVGNWAKVLV 

ATCCIXX^C^TGATOGCTGGCGCTCACTGG 

HepCla #7 

BGCGHAGHLLSPRGSRPSWGPTDPRRRSRN 
GAGGGATGCGGATGGGCTGGCTGGCTGCTCAGCCCTAGGGGAAGCAG^ 

HepCla #21 

WTTQGCNCSI YPGHITGHRMAWDMMMNWSP 

TGGACAACCCAAGGCTGTAACTGTAGCATTTACCCTGGCC^ 

HepCla #17 

KVAMTPTVAT.RDGKLPATQLRRHIDLLVGS 
TGGGTCGCCATGACCCCTACCGTCGCCACAAGGGATGGCAAACTGCCT 

HepCla #42 
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RLWHYPCTINYT I P KVRMYVGGVEHRLEAA 
AGGCTCTGGCATTACCCTTGCACAATCAATTACACAATC^ 

HepCla #172 

V P C VQPBKGGRKPARLIVFPDLGVRVCEKM 
GTGTTTTGCGTCCAGCCTGAGAAAGGOSGAA^ 

HepCla #10 

MGYIPLVGAPLGGAARALAHGVRVLEDGVN 
ATGGGATACATTCCCCTCGTGGGAGCCCCTCT^^ 

HepCla #27 

GGNAGRTTSGLVS LLTPGAKQNIQLINTNG 
GGCGGAAACGCTGGCAGAACCACAAGCGGAClX^TCAGCCrCC^ 

HepCla #13 

LAX.I.SCLTVPASAYQVRN5T6LYHVTHDCP 
CTGGCTXrTGCTCAGCTGTCrcACAGTGCC^^ 

HepCla #71 

GRDKHQVEGEVQIVSTAAQTFLATCINGVC 
GGCAGAGACAAAAACCAAGTGGAAGGCGAAGTGCAAATCGTCAGCA^ 

HepCla #18 

PATQLRRHIDLLVGSATLCSALYVGDLCGS 
CCCGCTACCCAACTGAGAAGGCATATCGATCTGCTCXjIX3GGA 

HepCla #83 

HAPTGSGKSTKVPAAYAAQGYKVLVLNPSV 
CACXSCTCCCACAGGCTCCGGCAAAAGCACAAAGGTCCCCGCT^ 

HepCla #6 

RTWAQPGYPWPLYGH BGCGWAGWLLS PRGS 
AGGACATGGGCTOiGCCTGGCTATCCXriGGCCCXrrCTACGGAAACGAAGG 




HepCla #55 

ALDTEVAASCGGVVLVGLMALTLS PYYKRY 
GCCCTCGACACAGAGGTCGCCGCTAGCTGTGGCGGAGTGGTCCTC 

HepCla #38 

WMNSTGFTKVCGAPPCVIGGAGNNTLHC PT 
TGGATGAACTCCACtt^TTCAGAAAGGTCTGC^^ 

HepCla #168 

S VEBACSLTPPHSAKSKFGYGAKDVRCHAR 
AGCGTCGAGGAAGCCTGTAGCCTCACCCCrCCCCATAGCGCTAAG^ 

HepCla #119 

I SG I Q Y I» A G L S TL PGNPAIASLMAFTAAVT 
HepCla #3 

Q IVGGVYLLPRRG PRLGVRATRKTSERSQP 
CAGATIGTGGGAGGOGTCTACCTCCTGCCTAGGAGAGGCCCTAGG^^ 

HepCla #194 

LHSYSPGBINRVAACLRKLGVPPLRAHRHR 
CTGCATAGCTATAGCCCTGGCGAAATCAATAGGGTCG^ra 

HepCla #189 

TARHTPVNSWLGN I IMFAPTLWARHILMTH 
ACOGCTAGGCATACCCCTGTGAATAGCTGGCTGGGAAACATTATCATGTO 

HepCla #81 

BNLBTTHRSPVFTDHSSPPAVPQSPQVAHL 
GAGAATCTGGAAACCACAATGAGAAGCCCTGTGTT1AC 

HepCla #91 

ATPPGSVTVPHPMIEBVALSTTGB I PFYGK 
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TAACATTGAGGAAGTGGCTCTGTCCAtXACAGGOSAA^ 



HepCla #60 

LVFDITKLLLAV 
CTGGTCTTCGATAT 



GPLHI LQASLLKVPYFV 
ATTCT6CAAGCCTCCCTGCTCAAGGTCCCCTATTltX5TC 



HepCla #23 

TAALVMAQLLRI PQAI LDMIAGAHWGVLAG 
ACCGCTGCCCTCGTGATGGCCCAACTGCTCAGGATTC^ 

HepCla #98 

CNTCVTQTVDPSLDPTPT IBTTTLPQDAVS 
TGCAATACCTGTGTGACACAGACAGTGGATTTCT 



HepCla #109 

HGPTPLLYRLGAVQN 
CACGGACCCACACCCCTCCTGTA 



VTLTHPVTKYIMTC 
ACACTGACACACXXrrcTGACAAAGTATATCATGACCTGT 



HepCla #179 

ARVAIKSLTERLYVGG PLTNSRGBNCG Y R R 
GCCAGAGTGGCTATCAAAAGCCTCACCGAAAGGCT 

HepCla #39 

CVIGGAGNNTLHCPTDCFRKHPBATYSRCG 
TGCGTCATCGGAGGCGCTGGCAATAACACA 

HepCla #76 

TCGSSDLYLVTRHAOVIPVRRRGDSRGSLL 
ACCTCTGGCTCCAGCGATCTGTATCTGGTCACC^ 

H Y T F A L W 
ATTACACATTCGCTCTGTGG 

HepCla #89 

HSTDATS I L G I G TV LD Q A ST AG A R L V V L AT 
CACTCCACC^ATGCCACAAGCATICTGGGAATCGGAACCG 

HepCla #130 

YVPBSDAAARVTAILSSLTVTQLLRRLHQW 
TACGTCCCCGAAAGCGATGCCGCTGCCAGAGTGAC^ 



HepCla #8 
RPSWGPTD 



RRRSRNLGKVIDTLTCGFADL 

ATTGACACACTGACATGCGGATTCGCTGACCTC 



HepCla #33 

GPJ>QRPYCWHYPPKPCGIVPAKSVCGPVYC 
GGCCCTGACXZAAAGGCCTTACTGTTGGCATTAC^ 

HepCla #115 

BBCSQHIiPYIBQGMMXtAEQFKQKALGLLQT 
GAGGAATGCTCCCAGCATCTGCCTTACATTGAGCAAGGC^ 

HepCla #107 

YQATVCARAQAPPPSWDQHWKCLI RLK PTL 
TACX!AAGCCACAGTGTGTGCOlGAGCCCAAGCCCCTC 



HepCla #34 

C G I V 
TGCGGAAT 



PAKSVCGP 



VYCFTPSP 
\TTGCTTTACCCCTA 



VVVGTTDRSG 



HepCla #131 

SSLTVTQLLRRLHQWI SSECTTPCSGSWLR 
AGCTCCCTGACAGTGACACAGCTCCTGAGAAGGCTCCACCA^ 



HepCla #161 
D L S D G 



STVSSEAGTEDVVCCSMSYSWTG 



HepCla #108 
WDQMWKCL 



IRLKPTLHGPTPLLYRLGAVQN 



Figure 26 (Cont) 



WO 01/090197 PCT/AU01/00622 



136/216 



HepCla 8116 

LAEQFKQKALGLLQTASRQABVIAPAVQTN 
CTGGCTGAGCAATTCAAACAGAAAGCCCTCGGCCTCCTC 



HepCla #118 
W Q K L E 



V P 



WAKHMWNFISGIQYLAGLSTLPG 
VTGTGGAATTTCATTAGCGGAATCCAATACCTCGC^ 



HepCla #129 

Ji I A FASR6NHV 
CTGATTGCCTTTGCCTCCAGG6GAAACCAT 



SPTHYVPESDAAARVTAIL 
VCACTATGTGCCTGAGTCXGACGCTGCCGCTAGGGTCACCGCT 



HepCla #19 
A T L C 



ALYVGDLCG 



VFLVGQLPTFSPRRH 
C^CTCTTC^CATTCrrCCCCCAGAAGGCAT 




HepCla #122 

GWVAAQLAAPGAATAFVGAGLAGAA IGSVG 
GGCTGGGTGGCTGCCCAACTGGCTGCXX^CTGG 

HepCla #29 

SWH INSTALNCNESLNTGWLAGLFYQHKFN 
AGCTGGCACATTAACTCCftCXX»CTCTGAATT^ 

HepCla #164 

NALSNSLLRHHNZ.VYSTTSRSACQRQKKVT 
AACGCTCTTTTXXIAACTCCCTGCTCAGGCATCAC^ 

HepCla #1 

AAMSTNPKPQRKTKRNTNRRPQDVKFPGGG 
GCCGCTATGTCCACCAATCCCAAACCCCAA 

HepCla #106 

SQTKQSGBNFP YLVAYQATVCARAQAPPPS 
AGCCAAACCAAACAGTCOGGCGAAAACTTTCCCTATCTG 

HepCla #36 

APTYSWGANDTDVFVLNNTRPPLGNWFGCT 
GCCCCTACCTATAGCTGGGGCGCTAACGATACCGATGTGT^^ 



HepCla #156 
V P P P R K 



HepCla #165 
S T T S R 



K R T V V L T 



TLSTALAELATKS F6 
^CACTGTCrCACCGCTCTGGCTGAGCTCGCCACAAAGT 



ACQRQKKV TFDRLQVLD 



H Y Q D V L 

lTCAGGATGTGCTC 




HepCla #141 

FHYVTGHTTDNLKCPCQVPSPEFFTBLDGV 
TTCCATTACGTCAC03GAATGACMCCGATAACCTCAAGTCT 

HepCla #198 

LKLTPIAAAGRLDLSGWFTAGYSGGDIYHS 
CIGAAACTGACACCCATTGCCGCTGCCGGAAGGCT^ 



HepCla #117 

ASRQABVIAPAVQTNWQKLB 
GCCTCCAGGCAAGCCT3AAGTGATTGCCCCTGCCGTCCAGAC 



FWAKHMWNF 
TAAGCATATGTGGAACTTT 



HepCla #181 

CRASGVLTTSCGKTLTCYIKARAACRAAGL 
TGCAGAGCCTCCGGCGTCCTGACAACCTCCTGCGGAA^ 
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HepCla #166 

FDRLQVLDSHYQOVLKSVKAAAS K V K A N L L 
TTCGATAGGCTCCAGGTCCTCGATAGCCATTAC^^ 

HepCla #180 

GPLTNSRGBNCGYRRCRASGVLTTSCGNTL 
GGCCCTCTGACAAACTCCAGGGG AGAGAATTGCGGAT ACAGAAG ACCCTC 

HepCla #136 

I M H T R C H C GABITGHVKNGTNRIVGPRTCR 
ATCATGCACACAAGGTGTCACTGTGGCGCTGAGATTACCXKa^ 

HepCla #144 

B V S F R VGLHEYPVG SQLPCEPBPDVAVLTS 
GAGGTCAGCTTTAGGGTCGGCCTCC^CGAATACCCTGTGGGAA^ 




HepCla #59 

GRDAVILLMCVVHPTLVPDITKLLLAVPGP 
GGCAGAGACGCTGTGATTCTGCTCATGTGTGT^^ 

HepCla #146 

MLTDPSHITABAAGRRLARGSPPSMASSSA 
ATGCTCACCX^TCCCTCCCACATTACCGCnXSAGGCTGCCGGA^ 

HepCla #78 

SPRPISYLKGSSGGPLLCPAGHAVGIPRAA 
AGCCCTAGG<XrrATCTCCTACCTCAA 

HepCla #32 

P p P QGWGPI SYANGSGPDQRPYCWHYPPKP 
GACTTTGACCAAGGCIGGGGCCCTATCTCCTACXSCTAACG 

HepCla #128 

R H V GPGBGAVQWMNRLIAFASRGNHVSPTH 
AGGCATGTGGGA<XTOGGAGAGGGAGCCGTCCAGTGGATGAA 

HepCla #50 

C Lf M M h Jb I S Q A B A A L B N L V I L N A A S h A G T H 
TGCCTCTGGATGATGCTCCTGATTAGCCAAGCCGAAGCCGCT^ 

HepCla #114 

1 * P DRBVLYRBPD BMBBCSQHLPYI BQGMM 
ATCATTCCXJGATAGGGAAGTGCTXrrACAGAGAGTTTGA 

HepCla #47 

L I H L H Q H I V DVQYLYGVGSS IASWAI KWBY 
CTGATTCACCTCCACCAAAACATTGTGGATGTI!^ 

HepCla #200 

VSHARPRWFWFCLLLLAAGVGIYLLPNRAA 
GTGTCCCACGCTAGGCCTAGGTGGTTCTGG1TO 

HepCla #85 

A A T L G P G AYMSKAHGIDPNI RTGVRTITTG 
GCCGCTAOCXrrCGGCTTTGGCGCTTACATGAGCAAAGCCCAT^ 

HepCla #62 

RVQGLLRICALARKHIGGHYVQMAI IKLGA 
AGGGTCCAGGGACTGCTCAGGATTTGCGCTCTT^ 

HepCla #153 

R R P A Q A L P V W ARPDYNPPLVETWKKPDYBP 
AGGAGATTCGCTCAGGCTCTCCCTGTGTG^ 

HepCla #72 

T A A Q T P LATCIMGVCWTVYHGAGTRTIASP 
ACCGCTGCCCAAACCTTTCTGGCTACCTGTATCAA^ 

HepCla #65 
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WAHNGLRDLA 
TGGGCTCACAATGGCCTCAGGGAT 



V A V B P 



VVPSQMBTKLITWGA 
rAGCCAAATGGAAACOVAACTGATTACCTGGGGCGCT 



HepCla #74 

KGPVIQMYTNVDQDLVGWPAPQG 
AAGGGACCCGTCATCCAAATGTATACC^TGTGGATCAGGAT 



R S L T P C 



HepCla #151 
K V V I L D 



PDPLVABEDERBIS 



PAEILRKS 
ATTCTGAGAAAGTCC 



HepCla #64 

LTGTYVYNHLTPLRDWAHNGLRDLAVAVBP 
CTGACAGGCACATACGTCTACAATCACCTCACCOT 



HepCla #80 

VCTRGVAKAVDFI PVBNLBTTMRSP 
GTGTGTACCAGAGGCGTOGCCAAAGCCGTCGACTrTAT^ 



V P T D N 



HepCla #95 

ALGINAVAYYRGLDVSVI PTSGDVVVVATD 
GCOCTCGGCATTAAOGCTGTGGCTTACTATAGGGGACIXSG^ 

HepCla #111 

MSADLBVVTSTWVLVGGVLAALAAYCLSTG 
ATGTCOGCCGATCTOGAAGTGGTCACXTCC^CCTGGGTGCT 

HepCla #97 

ALMTGYTGDFDSVI DCNTCVTQTVDFS LDP 
GCCCTCATGACAGGCTATACCGGAGACTTTGACTCCGTGA 

HepCla #2 

MTNRRPQDVKFPGGGQIVGGVYLLPR RGPR 
AACACAAACAGAAGGCCTCAGGATGTGAAATTCCCTGGOGGAGG 




LPGCSFSIFL 



HepCla #169 

SKPGYGAKDVRCHARKAVAHINSVWKDLLE 
AGCAAATTOGGATACGGAGCCAAAGACGTCAGGTGTCACGCTAGGAA 

HepCla #28 

T PG AKQNIQLINTNGSWHIHSTALNCMBSL 
ACCCCTGGCGCTAAGCAAAACATTCAGCTCATCAAra^ 

HepCla #30 

HTGWLAGLPYQHKPNSSGCPERLASCRRLT 
AACACAGGCTGGCTGGCTGGCCTCITCT 

HepCla #49 

VVLLPLLLADARVCSCLWMMLLISQABAAL 
CTGCTCCTGCTCTTCCTCCTGCTCGCCGATG 

HepCla #192 

D C B I Y G A C Y SIBPLDLPPIIQRLHGLSAFS 
GACTGTGAGATTTAOGGAGCCTGTTACTCCATCGAACCC 



HepCla #73 
WTVYHGAGT 



R T I 



ASPKGPVIQMYTNVDQDI* 
rTGTGATTCAGATGTACACAAACX5TCGACCAAGACCTC 



HepCla #101 

YRFVAPGBRPSGMPDSSVLCBCYDAGCAWY 
TACAGATTCGTCX^CCCTGGCGAAAGGCCTAGCGGAATGTT^ 



HepCla #45 

RSBLS PL LLSTTQWQVL 
AGGTCCGAGCTCAGCCCTCTCCTCCTGTCCACCAC 



P C S P T T 



S T G 



HepCla #195 
L R K L G V 



PPLRAWRHRARSVRARLLARGGRA 



Figure 26 (Cont) 



WO 01/090197 



PCT/AU01/00622 



139/216 



HepCla #121 

S PLTTSQTLLFNI LGGWVAAQLAA P G A A T A 
AGCCCTCTGACAACCTCCCAGACACTGCTCTTCAATATCCT 

HepCla #61 

L M I^Q A S I. h K V P Y F V R V Q 6 X. h R I C A h A R K M 

CTGTGGATCCTCCAGGCTAGCCTCCTGAAAGTGCCT^ 

HepCla #137 

VKNGTMRIVGPRTCRNMWSGTFPINAYTTG 
GTGAAAAACGGAACCATCAGGATTGTGGGACCCAGAACC^^ 

HepCla #92 

BVALSTTGBIPFYGKAIPLBVIKGGRHLIP 
GAGGTCGCCCTCAGCACAACCGGAGAGATTCCCTTTTA 

HepCla #188 

LTRDPTTPLARAAWBTARHTPVNSWLGWI I 
CTGACAAGGGATCCCACAACCCCTCTGGCTAGGGCT 

HepCla #140 

RVSAEBYVEIRRVGDFHYVTGMTTDNLKCP 
AGGGTCAGCGCTGAGGAATACGTCGAGATTAGGAGAGTCGG 



HepCla #155 

PVVHGCPLPPPR 
CCCGTCGTGCAT 



PPVPPPRKKRTVVLTBS 
rrOXGTCCCCCCTCCCAGAAAGAAAAGGACAGTGGTCCTGAC^^ 



HepCla #157 

TLSTALABI* 
ACCCTCAGCACAGCCCTCGCCGAAC 



TKSFGSSSTSG 



ITGDNTTTS 
VTTACCGGAGACAATACCACAACCTCC 



HepCla #135 

VSCQRGYKGVWRGDGIMHTRCHCGABITGH 
GTGTCCTGCCAAAGGGGATACAAAGGCGTClt^A^ 

HepCla #20 

V F L V G Q L F T F SPRRHWTTQGCNCSIYPGHI 
^TGTTTACCTTTAGCCCTAGGAGACACTGGACC^CACAGa 



HepCla #123 
FVGAGLAGAAI 



G S V G L G K 



VLVDILAGYGAG 
ITATCCTCGCCGGATACGGAGCCGGA 



HepCla #133 

D I W D W I C KVLSDFKTWLKAKLMPQLPGI PF 
GACATTTGGGATTGGATTTGCGAAGTGCrcAGCGAT^ 

HepCla #15 

NSSIVYBAADAILHTPGCVPCVRBGNASRC 
AACTCCAGCATTGTGTATGAGGCTGCCGATGCC!ATTCTGC^ 

HepCla #31 

S S G C PBRLASCRRLTDFDQGWGPISYANGS 
AGCTCCGGCTGTCCCXSAAAGGCTCGCCTro 

HepCla #178 

R T B B A I Y QCCDLDPQARVAIKS L T E R L Y V G 
AGGACAGAGGAAGCC!ATTTACCAATGCTGTGACCTCGA 

HepCla #69 

V S KGWRLLAP ITAYAQQTRGLLGC I ITSLT 
GTGTCOUW3GGATGGAGACTGCTCGCCCCTATCACAGCCT 



HepCla #191 

FFSVLIARDQLBQALDCBIYGACYS 
TTCTTTAGCGTCCTGATltKXIAGAGACCAACTGGA 



I E P L D 

VTTGAGCCTCTGGAT 



HepCla #142 

C Q V P S P B F F TEIiDGVRLHRFAPPCKPLLRB 
TGCCAAGTGCCTAGCCCTGAGTTTTTCACAG 
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HepCla #182 

TCYIKARAACRAAGLQDCTMLVCGDDLVVI 
ACCTGTTACATTAAGGCTAGGGCTGCCTGTAGGGCTGCCGGAC^ 

HepCla #86 

IDPNIRTGVRTITTGSPITYSTYGKPLADG 
ATCGATCCCAATATCAGAACCGGAGTGAGAACCATTACCACAGGCT 

HepCla #44 

CNWTRGBRCDLBDRDRSELSPLLLSTTQWQ 
TGCAATTGGACAAGGGGAGAGAGATGCGATCIX3GAA 

HepCla #22 

TGHRMAWDMMMNWSPTAALVMAQLLRIPQA 
ACCGGACACAjGAATGGCTTGGGATATGATGATGAATT^ 

HepCla #127 

PGALVVGVVCAAILRRHVGPGEGAVQWMNR 
CCCGGAGCCCTCGTGGTCGGCGTCGTGTGTGCCG 

HepCla #149 

HDSPDABLIEANLLWRQEMGGNITRVESBN 
CACGATAGCCCTGACGCTGAGCTCATCGAAGCCAATC^ 

HepCla #105 

BGVFTGLTHIDAHFLSQTKQSGENFPYLVA 
GAGGGAGTGTTTACCGGACTGACACACATTGACGCTCM 

HepCla #5 

RGRRQPI PKARRPEGRTWAQ PG Y PW PLYGN 
AGGGGAAGGAGACAGCCTATCCXTTAAGGCTAGGAGACC 

HepCla #173 

LIVFPDLGVRVCEKMALYDVVS KI*PLAVMG 
CTG A TTGTGT rJ CCCGATCTGGGAGTGAGA^ 

HepCla #12 

YATGNLPGCSFSI FI>LAI»LSCI*TVPASAYQ 
TACGCTACCGGAAACCTCXXXXK^TGCrrcC^ 

HepCla #124 

LGKVLVD I LAGYGAGVAGALVA F KIHSG BV 
HepCla #160 

SYSSMPPLEGBPGDPDLSDGSW STVSSEAG 
AGCTATAGCTCCATGCCTCCCCTCGAGGGAGAGCC^ 

HepCla #150 

RQBMGGN ITRVESENKVVI L D S FDPIiVAEE 
AGGCAAGAGATGGGCGGAAACATTACCAGAGTGGAAAGC^ 

HepCla #75 

VGWPAPQGSRSLTPCTCGSSDLYLVTRHAD 
GTGGGATCGCCTGCCCCTCAG«3AAGCAGA^ 

HepCla #88 

GCSGGAYDI I ICDBCHSTDATS I LGIGTVL 
GGCTGTAGCGGAGGCGCTTACGATATCATTA 

HepCla #99 

TFTIBTTTLPQDAVSRTQRRGRTGRGKPGI 
ACCTTTACCATTGAGACAACCACACTG^CTCAGGATGCCCT 

HepCla #40 

DCFRKHPBATYSRCGSGPWI TPRCLVDYPY 
GACTGTTTCAGAAAGCATCCCGAAGCCACATACTCCW 

HepCla #201 

LAAGVGIYIiLPNRAA 
CTGGCTGCCGGAGTGGGAATCTATCTGCTCCCCAATAG 
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HepCla #163 

ALVTPCAABEQKLP INALSNSLLRHHNLVY 
GCCCTCGTGAC^CCCTGTGCCGCTCyVGGAACA^ 




HepCla #134 

WLKAKLMPQLPGI PPVSCQRGYKGVHR6D6 
TGGCTCAAGGCTAAGCTCATGCCTCy^GCTCC 

HepCla #41 

SGPWITPRCLVDYPYRLWHYPCTINYTI FK 
AGCGGACCCTGGATCaCACCCAGATGCCTCGTG(^ 

Artificial Protein: 



VIPVRRRCTSRGSLI>SPRPISYIJCGSSGGPARRGRE^ 

KLZTWGADTAACGDI INGLPVSLLC PAGHAVG I FRAAVCTRGVAKAVDF I PVCWI VGRIVLSGKPAI I PDREVLYREFDBMPCTPLPAPNYTFALHR 
VSAE EYVE I RRVGDALYDWSKL PLAVMGSSYG FQYS PGQR VBF I SWCI>WWLQYFI>TT*VEAQIiHVWVP PLNVT^BNLVI LHAASLAGTHGLVS FLVF F 
C^AWYLLPPIIQRLHGLSAPSLaSYSPGBINRVAACOTPLVBTW 
NTRPPLGNWFGCTWMNSTGFTKVCGAPPFT 

ITSLTGRDKNQVEGEVQIVS SS P PAVPQS FQVAHIJIAPTGSGKSTKVPAANTPGLPVCQDHIjE FWEGVFTGLTH I DAHFLVLLLFAGVDABTHVTGGN 

AGRTTSGLVSMiKVTLTHPVTKYIKTOlSADLBVVTSTWVL 

LDI^IAYFSMVGNWUCVLVVLLLFAGVDAETHVTRLARGSPPSMAS 

BPEPDVAVI,TSMLTDPSHITAEAAGRDSVTPIDTTIMAKN^ 

DC PNSS I VYKAADAI LHTSSYGFQYS PGQRVB FL VQAWKS KKT PMGFSDTAACGD I INGLPVSARRGRB I LLG PADGMSQLSAPSLKATCTANHDSPD 
ABLI EANIAjWNPAIASLMAFTAAVTS PLTTSQTL^ 

DYMFAPTLWARMILMTHFFSVLI ARDQLEQAJUSVI PTSGDVVVVATEALMTGYTGDFDSVIIX^ 

TTLPALSTGLI HIHQNT VDVQ YLYKGRWVPGAVYALYGMWPT .T.TiT JiTiALPQRAYS PI TYSTYGKFLADGGCSGGAYDI 1 1 CDBCARS VRARKLARGGR 

AAICX3KYT*FNWAVRTKXAVAHINSVWKDLIiEDSVTP 

VMRDGKLQPCTMLVOCTPLWI 

BLTPAETTVRIiRAYMNTPGLPVCQDHLEFWPQPBYDLELITSCSShTV 

GGRHLIFCHSKKXCDRIjAAKLVGGVIiAALAAYCLSTGCVVITO 

SRJU^RNFWFCliU<SSSTSGITGBNTTTSSEPAPSGCPPDSDA 

DLEDRDEAQLHVWVP PLNVRGGRDAVT LLMCWH PTLGVRATRKTS BRSQ PRGRRQP I PKARRPEGNVSVAHDGAGKRVYYLTRDPTTPLARAAWBSE 

PAPSGCPPDSDABSYSSMPPLEGBPGDPIGGHYVQMAIIKIiGALTGTYVYNH^ 

GVIMIAYFSMVC^AKVLVBGCGHAGWI^ 

QrJUTOIDIXVGSRIWHYPCTINYTIFKVRMYVGG 

DGVNGGNAGRTTSGLVSLLTPGAKQNI QLINTNGLAU^S CLT\n?ASAYQVRNSTGLYHVTNIX:PGRD KNQ VEGBVQI VSTAAQTFIiATC INGVC P ATQ 

LRRHIDZJjIVGSATLCTSALYVGDLCGSHftPTGS 

WTGALVTPCAABBQKLPIAIOTBVAASCGGVW 

GAKDVROiARISGIQYLAGLSTLPGOTAIASUIAFTAAVTQrv^ 

HRTARHTPVNSWLGNI I MFAPTLWARMI LMTHKNLETTMRS PVFTDNSS PPAVPQS FQVAHLAT P PGSVTVPH PNI KEVALSTTGBI PFYGKLVFDIT 
KUJ^VFGPLWILC^IiIJCVPYFVTAALVMAQLl^ 

NEVTLTHPVTKYIMTCARVAI KSLTERLYVGG PLTNS RGENCXJ^RRCVIGGAGNNTIiHCPTDCFRKH PVRRR 

GD S RG S LLNMWSGTFP I NA YTTG PCT P L P A PtfYTF AL WHS TD AT S I LG I GTVLDQABTAGAR L. WLATYVP ES DAAARVTA I LS S LTVTQLLRRIiH Q W 

RPSWGPTDPRRRSRNI^KVIDTLTCXJFADLGPDQRP 

AQAPPPSWI^MWKCMRIJCPTXCGIVPAKSVCGPWC 

BDWCCSMSYSWTGWDQHWKO»IRIJCPTI«GPTPIiYR 

LSTLPGLI AFASRGNHVSPTHYVPBSDAAARVTAI LATLCSALYVGDLCGS VFLVGQUFTFS PRRHS SVLCECYDAGCAWYBLT P AETTVRLRAYMGW 
VAAQLAAPGAATAFVGAGIJKiAAIGSVGSWHINSTAIjNC^ 

TALABIATKSFGSTTSRSACQRQIOWTro 

LDGVLKLTPIAAAGRJLDLSGWFTAGYSGGDIYHSASROAEV 

QVLDSHYQDVIiKEVKAAASKVKANLLGPLTNSRGE^ 

VGSQLPCE PEPDVAVLTSKBVKAAAS ICVKAHLLSVEEACSLTPPHSAKGRDAV I LLMCWHPTLVFD ITKLLLAVFG PMLTDPSH I TABAAGRRLARG 
S P PSMASS S AS PRPI S YLRGS SGGPI*LC PAGHAVG I FRAAD FDQGWG PI SYANGSG PDQRPYCWHYPPKPRHVGPGEGAVQKMNRLI AFASRGNHVS P 
THCLWMMLLISQAEAALKNLVILNAASLAGTHI I PDREVLYRE FDEMBECSQHLPY I BQGMMLIHLHQNI VDVQYI.YGVGS S IASWA I KWEYVS HARP 
RWFWFCLLLLAAGVGIYLIJPNRAAAATI£F 

YN PPLVBTWKKPD YEPTAA^PIJVTC INGVCWTVYHGAG/TRTI AS PWAHNGLRDIJ\VAVEPVVFSQMBTKLI TWGAKG PVIQMYTNVDQDLVG W PA PQ 

GSRSLTPCKWIU)SFDPI*VABBDBRBISVPAEI LRKSLTGTYVYNHLTPIiRDWAHNGLRD LAVAVE PVCTRGVAKAVDF I PVBNLETTMRS PVFTDN 

ALGINAVAYYRGLDVSVI PTSGDVVVVATDMSADI^VVTSTWVLVGGV^^ 

VXFPGGGQIVGGVYI^PRRGPRRAIJUIGVRVLEIXJVNYA 

WHINSTAUiaJRSUTCWIJUSLFYQ 

GI>SAFS>n*VYHGAGTRTIASPRGPVIQ>fYTNVIX)DLYR 

KIXJVPPIJUVWRHRARSVRARIJjARGGRAS PLTTSQTLLFN I IjGGWVAAQLAAPGAATALWI LQASLLKVPYFVRVQGLIiR I CALARKMVKNGTMR I VG 

PRTCRNMWSGTFPXNAYTTGBVALSTTGBI PFYGKA I PLEVT KGGRHI*I FLTRDPTTPIARAAWBTARHTPWSWIjGNI I RVSAEEYVB I RR VGDFHY 

VTGMITDNIJCCPPVVHGCPLPPPRSPPVPPPRJCiaiTVVLTES^ 

ITGHVFLVGQLFTFSPRRHVrTTQGCN&IYPGH^ 

VYKAADAI LHTPGCVPCVRBGNASRCSSGCPERIASCRRI>TDFI^^ 

AYAQQTRGLLGCI ITSLTFFSVLIARDQLEQALOCEIYGACYS IE PII)CQVPSPEFFTELIXyVRIjHRFA^ 
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LVCGDDL WI IDPN IRTGVRTI TTGS P I TYSTYG KFLADGCNWTRGBR CD LEDRDRS ELS PIJJ^STTQWQTCHIWAWDMflMNWS PTAAL VMAQLLR I P 
QAPGALWGWCAAI LRIWVG PGEGAVQWMNRHDS PDAEL I EANLLWRQBMGGNITRVBS KNEGVFTGIjTH I DAHFLSQTKQSG ENFP YLVARGRRQP 
IPKAWlPEGimiAQPGYPWPLYGNLIVPPDLGVRVCBKMALYDWSia 
CTVAGALVAPKIMSGEVSYSSMPPLEGBPGDPDLSDGSWSTVSSBAG 

ylvtrhaixk:sggaydiiictbchstdatsii^igtvltptietttl 

LAAGVGIYLLPNRAAALVTPCAABEQKL^ 
GVWRGDGSGPWITPRCLVDYPYRLWHYPCTINYTIPK 

Artificial DNA: 



GTGATTCCCGTCAGGAGAAGGGGAGACT 
QGGAftGCXSAAATCCTCX^ 
CTCCCOriTGCAAACCCCTCCTGAGA 
AAGCTCATCACAIt^GGAGCCGATACCGCTGCCTGTG^ 

CTGCCATTATCCCTGACAGAGAGGTCCTCTATAGGG^ 
GTGTCCGCCGAAGAGTATGTGGAAATCAGAAGGGTC^ 
CTTTCAOTITVTAGCCCTGGCCAAAGG^ 

TGClTItXXrrcGTACCTCCTGCCTCCCA 

GGCTGCCTGTAACCCTCCXCTCXnXXSAAACCTGGAA^ 

etGGOH'OGGCTCaUXATTGCCTCCTGGC 

AACACAAGGCCTCCCXTCGGCAATra 

GACAAGGTATAGCGCTCCCCCTGGCGATCCCCCTCAGC^ 

TCGCCCTCCCCCAAAGGGCITACGCTCTGGAT^ 

ATCACAAGCCTCACCGGAAGGGATAAGAATCAGGTOSA^ 

CXIATCTGCATGCCCCTACCGGAAGCGGAAA^ 

AAGGCGTCTTCACAGGCCTCACXCATATCGATGCCCA 

GCCGGAAGGACAACCTCOGGCCTCXntSTCCCTGCTCGA 

GGT CSTGA CAAGCACATGGGTCCrGGTCGTGGGAC^ 

AATACTTTClt^CAAGGGTCGCCATTTGCGGAAACT 

CTGGATCTGTCCATCGCTTACTTTAGCATG^ 

CytCAAGGCTCGCCAGAGG^ 

GAGCCTGAGCCTGACtnWCCGTCCTGACAAGCATGC^ 

CACAACXIATTATGGCTAAGAATGAGGTCTTCT^^ 

TCCTGAATCCCTCCGTGGCltXXa^ 

GACTGTCCCAATAGCTCCATCOTCTACGAA^ 

CCTCGTGCAAGCCTGGAAGTCOU«3AAAACCCCTATGG^ 

GAG<^GAGAGATTCTGCnX«a:CTGCCGA 

GCCG AACTGA TTGAGGCTAACCTCCTGTGGAACCCTGCCA 

CCTCCTGTITAACATTCIX3GGACTG 

CAGAGTCCGACATTGACGAAAGGGAAATCT 

C^CTATATGTTTGCCCCTACCCTCTGGGCT 

CGTCATCOTACCTCCX^CGATCntSGTCCT 

AAAAGAAATGCGATGAGCTCGCCGCTAAGCTCX3TG 

ACCACACTGCCTG^CCTCAGCACAGGCCTCATCC^ 

GTATGCCCTCTACGGAATGTGGCCCCTCCTGCTCCTG^ 

TCGCCGATGGCGGATGCTCCGGCGGAGCCTATGACATTATCA 

GCCGCTATCTGTGGCAAATACCTCTTC^TTGGGCTGTG^ 

CgrCACCCCTATCGATACCAC^TCATGGCCAAAAACG^ 

CCTGGGGAGCOATGACAO«3ACXnCTTCG^ 

GTGGCTACCAGAGACGGAAAGCTCXZAGGATTGCACAJVTGCTCGTC 

O^AGCCTCAGGGCTGTGGCTGGCGCTCT^^ 

TTCTGTCCrACXSATACCAGATGCTTTGACTCCACC^ 

GAGCTCACCCCTGCCGAAA(XACAGTCAGAC^ 

OGAATACGATCTOGAACTGATTACCTCCTCCTCCA 

ATACCCTCACCTCTGGCTTra 

GGCGGAAGGCATCTGATTTTCTGTCACTO^^ 

GAGCCTTTACCGAAGCCATGACCAGATACTCC^ 

AGCCATGCCAGACCCAGATGGTTTTGGTTTTGCCTCCTGCTCAGCTC 

CCCTAGCGGATGCCCTCCCGATAGC^ 

GAGAGAGACCCTCCGGCATGTTCGATGTGAGAATCT 

GACCTOGAGGATAGGGATGAGGCTCAGCTCCAOGTCTGGGTOCC^ 

GCATCCCACACTGaSAGTGAGAGCCACAAGGAAAACCT^^ 

GAAACGTCAGOGTCGCCXATGACGGAGCC^GAAAGAGAGTG^ 

CCO(XTCCCTCCGGCTGTCCCCCTGACPCCGA 

CGTCCAGATGGCCATTATCAAACTGGGAGCCCTCAC^ 

ATCTGCTCCCCGCTATCCTCAGCCCTGGCGCTCTGG 

GGOtntrCTGGCTGGCATTGCCTATTTCTC 

GGGAAGCAGACCCTCCTGGGGACCCAOVG^ 

CAGGCCATAGGATGGCCTGGGACATGATGATGAACTGG^ 
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CAGCTCAGGAGaCACAiTIT^ 

0GGAGT66AACACA6ACTGGAAGCC6CTGTG»riTTG0^ 
TCAGGGTCTGOIAAAAGATC^TGGGATAC^TTCCCCT^ 
GACX^5AGTGAATCGCGGAAACGCTGGCAGAACCAa^ 
CGGACTXSGCTCTCCTCAGCTOTCTt^ 

GAGACAAAAACCAAGTGGAAGGCGAAGTGCAAATCXnXIAGCACAG 
CTGAGAAGGC^TATCGATCTGCTCG^ 

CAAAAGCACAAAGGTCCCCGCTGCCTATGCCGCTCAGGGATACAA^ 
GGCCCCTCTA(X3GAAAOGAAGGCTGTGGCTGGGCCGGATGGCrc 

AGAGCAAAAGCTCCCCATTGCCCTCGACACA^ 
ATTACAAAA<3GTATTCGATGAACTCX!ACCGGAT^ 
TTGGCXXJAGCCXXSAAACAATACrcTCCA 
GGCGCTAAGGATtnXSAGATGCCATGCCAGAATCTCCGG^ 
GGciiiCACAGCCGCTGTGAC»CAGAint?IXjGGAGGCCT 
AAA6GTCCCA6CCTCTGCATA6CTATA6CCCTCG0GAAATCAATAG 
C^CAGAACCGCTA(3GCATACCCCTGTGAATAGCTGGCTG^ 
GAATCTGGAAACCACAATGAGAAGCCCTG1X»1"1TACCGAT 
CTOGCTCCGlXaACAGTGCCTCACCCTAACAT^ 
AAGCTCCTGCTCGCCGTCTTCGGACCCCK^ 
GCTCAGGATTCCCCAAGCXIATrCTGGATATGATTGCOG^^ 
CCCTGGATCCCACATTCACAATCGAAAra^ 
AACGAA£nt5ACACTGACACACCCTGTGAauWWCT 
CCTCACXZAATAGCAGAGGOGAAAACTGTGGCTATAGGAGATGCGTC 
AACACCCTCAGGCTACCTATAGCAGATC^^ 
GGCGATAGCAGAGGCTCCCTGCTCAACATGTGGTCCGGCACA 
CACATTCXXrrCTCTGGCACTCCACCXATGCC^ 
TCGCCttCATACXTTCCCCGAAAGOGATGCCGC^ 

AGGCCTAGCTGGGGCCCTACCGATCCCAGAAGGAGAAGCAGAAACCTCGG^ 

CCAAAGGCCTTACTGTlWCaTTACCCTCCCAA^ 

ATCTGCCTTACATTGAGCAAGGCATGATGCTOSC^ 

GCCCAAGCXXCT CCCCC TAGCrGGGACCAAATGTQGA^ 

CCCTCTGTATTCCTTTACCCCTAGCCCTGTCGTC^ 

AATCGATTAGCTCCGAGTGTACCACACCCTGT^^ 

GAXSGATGTGGTCTGCTGTAGCATGAGCTA^ 

TCATCGCTCCCGCTGTGOVAACCAATTGGCAAAAGC^ 

CTGIKXACCCTCCCCXXSAC^^ 

CGCTA1\X."1\35CX3VCACTC»^ 

ATAGCTCCGTGCTCTGCKAATGCTATGACGCIXS}^^ 

GTGGCTGCCCAACTGGCTGCCCCTGGCGCIXX^ 

CTCCACXXXTTCTGAAITGCAATGAGTCCCTGAATA^ 

TCAGGCATCACAATCTGGTCTACTCCACCACAAGCAGAAGC^ 

AGGAAAACCAAAAGGAATACCAATAGGAGATCCXAAG^ 

TC^CA^ACCAGACCCCCTCreGGA 

GCT05ACTCXrACTATCAG<^TGlXK^ 

TCCCCCATCCCAATATOGAATTCCATTAOCntZACCGGAATC 

CTGGATGGOC^CCTGAAACIX^CACCCATTGCCGCTGCCG 

CTCCGCCTCCAGGCAAGCCGAAGTt^TTGCCCCTG 

GAGCCTCOGGCGTCCTGACAACCTCCTGCGGAAACACACTGACATGCr^ 

CAGGTCCTGGATAGCCATTACCAAGACGTCCTGAAAGA^ 

GGGAGAGAATTGCGGATACAGAAGGTGTAGGGCTAGCGGAGTGCTCA 

CTGAGATTACOGKACACGTCAAGAATGGCACAATGAGAATC^ 

GTGGGAAGCCAACTGCCTTGCGAACCCGAACCCGATC 

GTCCGTGGAAGAGGCTTGCTCCCTGACACCCCCTCACT^ 

TTGACATTTVCCAAACTGCTCCTGGCTGTGTTTG^ 

AGCCCTCCCTCCATGGCTAtlCTCCAGCGCIAGCCCTAGGCCT 

CGTCGGCATTTTCAGAGCCGCIXSACTTTGAC^ 

ATCCCCCTAAGCCT AGGCATGTGGGACCCGGAGAGGGAGCCXTTCCAGTGGATGAAT AGGCTC^ 
ACCCATTGCCrCTGGATGATGCTCCTCAT^ 

CATTCCCGATAGGGAAGTGCTCTACAGAGAGTTTGACGAAATCG^ 

TCCA(XAAAACATTC3TCGATt?rGCAATACCTCT 

AGGTGGTTCTGGTTCTGTCTGCTCCT^^ 

CATGAGCAAAGCCCATGGCATTGACCCTAACATTAGGACAGGCGT^ 

CTAGGAAAATGATTCGCGGACACTATGTGCAAATGGCTATCAa^ 

TACAATCCCCCTCTGGTCGAGACATGGAAAAAGCCTGACT 

OGTCTACCATGGaSCTGGCACAAGGACAATCGCTAGC^^ 

AAATGGAAACCAAACTGATTACCTGGGGCXX!TAAG 

GGCTCCAGGTCCCTGACACCCIX^AAGGTC^ 

GATTCTGAGAAAGTCCCTC^CAa^CATACGTCTAC^ 

TCGAGCCTGTGlXnACCAGAGGCGTCGCCAA 

GCCCTOGGCATTAACGCTGTGGCTTACTATAGGGGACTCGATC 
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CGATCTGGAAGTGGTCACCTCCA^ 

ATACCGG7U3ACTTTGACTCCGTGATTGACltn , AACACATGCGTC^ 
GTGAAATTCCCIX3GOW3ACX3CCAAATCGTC^ 

GGATGGCGTCAACTATGCCACAGGCAATCTGCCTGGCTGTAGCTT^ • 

CTAGGAAAGCCGTCGCCCATATCAATAGCGTCTGGAAAGACCTCC^ 

TCGCATATCAATAGCACAGCCCTCAACTGTAACGAAAGCCTC^ 

CCCTCAGAGACTGGCTAGCItnTUySAGACT^ 

TCATCTCCCAGGCTGAGGClXKXXrrCX^CTGTGAGATT^ 

GGCCTCAGCGCTTTCTCCTGGACAGTCTAT^ 

CCAAGACCTCTACAGATTCGTCGCCCCTGGOCSAAAGGCCTAGCGGA^ 

ATAGGTCGGAGCTCAGCCXrrCTGCTCCTCnC 

AAGCTCGGOGTTCCCCCCTCTGAGAGCCI^^ 

CTCCCAGACACTGCTCnTCAATATCCTCGGCGGATG^ 

TCCTGAAAGTGCCTTACTTTGTC3AGAGTGCAAGGCCTC 

CCCAGAACCTGTAGGAATATGTGGAGCGGAACCTTTCCC^ 

OGGAAAGGCTATCCCTCTGGAAGTGATTAAGGGAGGCAGACA^^ 

CAGCCAGACACACACCCGTCAACTCCTGGCTCGGCAATATCATTAGGG^^ 

GTGACAGGCAT^CCACAGACAATCTXSAAATGCCCTC^^ 

GAAAAGGIACAGTGGTCCTGACAGAGTCCACCCTC»G(^ 

GAGACAATACXLftCAACCTCCGTGTCCTGCCAAAGGGG^ 

ATCACAGGCCATGTGTTTCTGGTCGG^ 

CATTTTCGTCGGCGCTGGCCItXSCCGGAGCOGCTA 

TTTGGGATTGGATTTGCGAAGTGCTCAGCGATTTCAAA 

GTGTATGAGGCTGCCGATGCCATTCrGCATACCCCTGGCT^ 

GCTCXXX!TCCrrGCAGAAGGCrCACCGATTTCX^ 

GTGACCTCXIACCCTCAGGCTAGGCTCC^ 

GCCTATGCCCAACAGACAAGGGGACTGCrCGGCTGTATCA 

GGATTGGGAAATCTATGGCGCITGCTATAGCATTGA^ 

ATAGGTTTGCCCCTCCXrrGTAAGCCTCTGCTCAGGGAAACC^ 

CTGGTCTGCGGAGACGATCTGGT0GT6ATTATCGATCCCAATA 

CGGAAAGTTTCIGtt^K^CGGATG^ 

CAGGCTCCCGGAGCCCrCCT^ 

CGATAGCCCTGACGCTSAGCTCATCGAAGCCAATCT^ 

TTACCGGACTGACACAC^TTGACGCTC^CTTTCTGTC 

ATCCCTAAGGCTAGGAGACCXJGAAGGCAGAACCTGGGCCCAACCCX^ 

GAGAGTGTGTGAGAAAATGGCTCTGra^ 

CCATCTTTCTGCTtXKrCCTCCTGTOT 

GGCGTCGCCGGA^CCTCGTGGCTTTCAAAATCATGAGC^ 

GTCCGAOMAAGCTOGAGCACAGTGTCCAGCGAAGCCGGAAGG^^ 

TCX»CTCCTTCGATCCCCTCGTGGCTGAGGAAGT6^^ 

TACCTCXntSACAAGGCATGCCGATCGCTGTAGCGGAGGCGCTTA 

CATTGGCACAGTGCTCACCTTTACCAT^ 

CTGGCATTCa«rPGTTTCAGAAAGCATCCCGA 

CTGGCTGCCGGAGTGGGAATCTATCTGCTCCCCAATAGGGCTGCC^ 

OVGCAATAGCCTCCTGAGACACCATAACCT^ 

TCTGTGAGGTCCTGTCCGACTTTAAGACATGGCTCAAC^ 

GGAGTGTGGAGGGGAGACGGAAGCGGACXrCTGGATCA<^ 

TACCATTTTCAAA 



HepC Savine Cassette Sequences (A+B+C) with specific restriction sites removed which can be joined 
to generate a single expressible open reading frame that encodes the hepc Savine protein above 



Cassette A 

ggcggat ccccaccATGGTt^TTCCOGTCAGGAGAAGGGGAGACTCCAGGGGAA^ 

TATCTGAAAGGCTCCAGCGGAGGCCCTGCCAGAAGGGGAAGGGAAA 

AtXSCTGGAjGGCTCCTOGCTCCCA^ 

AGGAAGTGTCCTTCAGAGTGGGACTGCATGAGTATCCCGTCG^^ 

ACATGGGGAGCCCATACCGCTGCCT(nX3GCGATATCAT^ 

TGTGGGAATCTTTAGGGCTGCOGTCItyCACAAGGGGA^ 

TGGGAAGGATTGTGCTCAGCGGAAAGCCTGCCATTATCTC 

TGTACCCCTCTGCCrcCCCCTAACTATAC^ 

CXSGCGATGCCCTCTACGAltTrGGTCAGCAAACTC 

G^CAAAGGGTCGAGTTTATCTCCTGGTGTCTGT^ 

GAGAATCTGGTCATCCTCAACXXTTGCCT 

ATTATCCAAAGGCTCCACGGACTGTCCGCCTTTA 
GCCTCCACTCCTACTCCCCOGGAGAGATTAACAGAGTGG 
GATTACGAACCCCCTGTGGTCCACGGATGCCCTCTGCCT 
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CTGGGCTATCAAATGGGAATACGTCCn^ 

C^CCTCCCCTCGGC3UiTTGGnTT66CTGTACCTG 

ACAGAGGCTATGACAAGGTATAGCGCTCCCCC^ 

GOGGAGGCGTOGTGCTCCAGCAAACCAGAGGCCTCCTC 

GTCGAGGGAGAGGTCCAGAritSTGTCCAGCTCCCCCCCTGCCGTCrc 

TACCGGAAGCGGAAAGTCCAraVAAGTGCCTGCCGCTAAOVCA 

GGGAAGGOGTCTTCACAGGCCTCACCCATATC^ 

ACACAOGTCACOGGAGGCAATGCXCGAAGGACAACCrC^^ 

CACCAAATACATTAlt^CATGCATGAGCGCTGA 

CCCTCACCCTCAGCCCTTACTATAAGAGATACATTA 

ATTT6CGGAAAGTATCTGTTTAACTGGX3COCrca 

TCTGTCCATCGCTTACTTTAGCATGGTGGGAAACTXX^ 

CC^AAACCCATGTGACAAGGCTCGCCAGAGGCTCCCTC 

TCCCTGAAAGCCACATGCACAGCCAATGGCCItOT 

GCATCCTGACAGACCCTAGCCATATCACA^ 

GCTAAGAATGAGGTCTTCTGICZ^GCAACCCGAAAAGGGAGGCAGA 
CCTGGTCCTGAATCCCTCCGTGGCTGCCAJCACT^^ 
COGGACTGTATCACGTCACCAATGACTGTCCC^ 
TCCTACGGATIXJCAATA CTCC CCCGGACAGAG^ 

GCCCTGCXGATGGCATGAGCCAACTGTCCGCrCCT 

GAACTGATTGAGGCTAACCTCCTGTGGAACCCTCC^ 

CACCACAAGCCAAACCCTCCTGTTTAACATTCT 

GCTATGACACAAGGTGTTTCGATAGCAOUrrGACAGAGT^ 

CTCAGGAAAAGCAGAAGGTITGCCCAAGCCCTCC^^ 

TAGGATGATCCTCATGACAOVCTTTTT^ 

CCTCCGGCGATGTGGTCGTGGTCGCCACAGACGCTCTGATC^C^ 

CATAGCAAAAAGAAATGCGATGAGCTCGCCGCTAAXXTTCGTGG CTCTGGGAATCAATGCCXTTCGCCTATTACAG AGGCCT 

CXIACGTCGTGCTCCCCTGTAGCTTTACC^ 

AtGTCCAGlATCTGTATAAGGGAAGGTGGGTGCCTGGCG C 

CTCCTGGCTCTGCCTCAGAGAGCCTATAGCCCTA^ 

CGGC66A6CCTATGACATTATCATTTGOGATGA6TGTGOCAGAA 

(XXSCTATCTGTGGCAAATACCTCTTCAAT^^ 

GATCTGCTCGAGGATAGOGTCACCX^CTATCGATACCACAATCA 

CGGCACAACCGATAGGTCCX5GCGCTCXrC!ACATACTCCT^ 

CCTGTGTGAGAGAGGGAAACGCTAGCAGATGCTGGGTGGCTATGACA^ 

GATTGCACAATGCTCGTGTGTGGCGATGACCTCGTGGTCA^ 

CAGGGCTGTGGCTGGCGCTCTCGTCGCC^^ 

TGCCTGOCATTCltn > CCTAC6ATACC3lGATGCl^^ 

TATOVGTGTTGCGATCT<^cCCCCAAGAGCTCACCCCT^ 

TGGCCTCCCCGTCTGCCAAGACCATCra 

AGGCGGAAGGCATCTGATTTTCTGTCA 

GAAAGCGCTGGCGTCCAGGAAGACGCTGCCTCCCTGA^ 
AGACCCTOXTGGTTCAaVGCCGG^ 
GtnTTTGCCTCCTGCTCAGCrrCCAGCACAAG^^ 
GGATGCCCTCCCGATAGCGATGCCGAAAGGACAC^ 
TGTGGCTCCCGGAGAGAGACCCTCCXjGCATGTTCGATGTGA^ 
CCTGTAACTG6ACCAGAGGOGAAAGGTGTGACCTCGA 
AATGTXa«3ACGCGGAAGGGATGCCGTCATCXrrcC^ 
AACCTCOGAGAGAAGCCAACCCAGAGGCAGAAGGCAAC^ 
CCCATGACGGAGCCGGAAAGAGAGTGTATTACCTCACCAG^ 
GAACCCGCTCCCTCCGCXrTGTCrcCCT 
AGACCCTATCXSGAGGCCATTACGTCCAGATGGCC^ 
TGACACCCCTCAT^GAcCCCTCC^CX^ 

TTTCTCCATGGTCGGCAATTGGGCTAAGGTCCTGGTCGAGG 

GCAGACCCTCCTGGGGACCCAOU^CCCTAGGAGAAGGTCCAGGAATgt cgac tgagaat t cgcc 



Cassette B 



ggcggatccaccatgctcgagTGGACAACCCyuVGGCTGTAACTGTAGCATTT 

GGCCTGGGACATGATGATGAACTGGAGCCCT^ 

CX^CACAGCTCAGGAGACACATTCACCTCCTGGTC 

TTTAAGGTCAGGATGTACGTCGGCGGAGTGGAACACAGACTGG 

AAGGAAACCCGCTAGGCTCATCGTCTTCCCTG^ 

TGGGAGCCCCTCrGGGAGGCGCTGCCAGAGCCC^^ 
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GCTX^CAGAACCACAAGCGGACTGGTCAGCCTCCTC 
ACTGGCTCTGCrCAGCTGTCTGACAGTGCXrrGCCT^ 
ACGATTGCCCTGGCAGAGACAAAAACCAAGTGGAAGGCGAAff 
ACATGCATTAACGGAGTGTXn^TCCGCTACCCAACTGAGA 
CGCXXntH!ACGTCG6a»TCTGTGTGGCTra 
CCGCTOlGGGATACAAAGTGCTanXSCTCAACCCT 
GGAAACGAAGGCTGTGGCTCGGCCGGATGGCTCCT^ 
CTAClCCTGGACW3GCGCTCIt3GTCAC^^ 
CCGCTAGCTGTGGOGGAGTGGTCCTGGTCGGCCTCAT^ 
TCCACCGGATTCACAAAGGTCTGCGGAGCCCTTC^ 
AAGCXyiTOAGGAAGCCTGTAGCCTCACCXC^ 
GCCATGCCAGAATCTCCXSGCATTCAGTATCTCXKrrGG^ 
GCTTTCACAGCCGCTGTGACACAGATTGTC 

TACCAGAAAGAC^AGCGAAAGGTCCCAGCCTCrrGCATAGCTATA^ 

ATTATCATGTTCGCTCCCACACltntSGGCCA^ 

TGTGTTTACCGATAACTCCAGCCCTCXrOGCTGTGCCTCAGTC 

TGACAGTGCCTCACCCTAACATTGAGGAAGTGGC^ 

GATATCACAAAGCTCCTGCTCGCXXnxn^CGGA 

CACCGCTGCCCTCGTGATGGCCCAACTGCTCAGGATC 

TGCTCGCCGGATGCAATACCTGTGTGACACAGAC^^ 

CTCCCCOU^CGCTGTCTttX^CGGAC^ 

ACACCCTGTGACAAAGTATATCATGACCTGTGCCAGA^^ 

CCCTCACXy^TAGCAGAGGCGAAAACTGTGGCTATAGGAGATG 

CCTACa^TTGCTTTAGGAAACACXXrrGAGGCT 

CACO^CACGCTGACGTCATaxrrGTGACSAAGGAGAG 

TCCCTATCAATGCCTATACCACAGGCCCTTGCACACX!^ 

GATGCCACAAGCATTCTGGGAATCGGAACCGTCCT^ 

ATACXn*(X!CCX!AAAGCGATGCCGCTC 

TGCATCAGTGGAGGCCTAGCTGGGGCCCTACCGATCCCA^ 

ACATGCGGATTCXSCTGACCTCGGCCXZTGAC^ 

TGCCAAAAGCGTCTGCGGACCCGTCTACTGTGA 

CCGAACAGTTTAAQCaAAAGGCTCTGGGACTGCTCCA^ 

CCrTAGCTGGGACCAAATGTGGAAGTGTCTGATTAGGCT^ 

AGCTCCTGAGAAGGCTCCACCAATGGATTAGCTCCGA 

ATGGGATCAGATGTGGAAATGCCTCATCAGACTGAAAC 
CCGTCX!AGAATCTGGCTGAjGCAATT^ 

ATACCTCGCCGGACTGTCCACCCTCCCCGGACTGATTGCCT 

TGCCTGAGTCCGACGCTGCXXXrrAGCXrrCACXXKrrATC 

GGAAGCGTCTTCCTCGTGGGACAGCTCTTC^ 

TGGCTGTGCXTIt^^ACGAACTGACACCCGCTG 

TX^CTGCCCCTGGCGCTGCC3U3VGCCTTT^^ 

ATTAACTCX^COGCTCTGAATTGCAATGAGTCXCT^ 

TAACGCTCTGTO^CTCarn^^ 

AGAAA GTGA CAGCCGCTATCntXACCAATCCCAAACCCCR 

GTCAAGTTTCCCGGAGGCGGAAGCCAAACCAAACAGTC 

ACAATACCAGACCCCCTCTGGGAAACTGGTTCGGATGCA^ 
GAAAGCACACTGTCCACGGCTCTGGCTGAGCTCGCCAC^ 
ACAGAAAAAGGTCACCTTTGACAGACTGCAAG 
GCGCTAGGCTCGTGGTCCTGGCTACCGCrACCCCrCCCGGAA 

GTCACCGGAATGAC3^ACX!GATAACCTCAJIGTGTCCC^ TTTACCGAACTGGATGGCGT 

TCTATCACTCCGCCTCCAGGCAAGCXXJA^ 

GCTAAGCATATGTGGAACTTTTGCAGAGCCTC^ 

AGCCAGAGCCGCTTGOU^GCCGCTGGCCTt^^ 

AGGTCAAGGCTGCCGCTAGCAAAGTGAAAGCCAATCTGCTC^ 

AGAAGGTGTAGGGCTAGCGGAGTGCTCACCACAAGCTGT^^ 

TGAGATTACCGGACACGTCAAGAATGGCACAATGAGA^ 

GCCTCCaCGAATACCCTGTGGGAAGCCAACTGCCTTGOGAACC^ 

AAAGCCGCIWCTCCAAGGTCAAGGCTAACCTCCTGTCCGT^ 

AGGCAGAGACGCTGTGATTCTGCTCATGTGTGTGGTCt^ 

TGTTTGGCCCTATGCTCACXX»TCCCT^^ 

TCCATGGCTAGCFCCAGCGCTAGCCCTAGGCCTATC 

TGGCCATGCOGTCGGCATTTTCAGAGCCGCTG^ 

CCGATCAGAfiACCCTATTGCTGGCACTATrc 

AATAGGCTCATCGCTTTCGCTAGCAGAGGCAATCA 
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Cassette C 

ggcggatccaccatgctcgagTGCCTCTGGATGATG^^ 
TCTGAATGCCGCTAGCCTCGCCGGAACC 

AGTGTAG CCAACACCTCCCCTATATCGAACAGGGAATGATG^^ 

CTCTAOGGAGTGGGAAGCTCCATCGCTAGCTGGGCCATTAAGTGGG^^ 

(nTCTGTCTGCTCCTGCTCGCCGCT 

GCGCTTACATGAGCAAAGCCC^TGGCATTGACCCTAACATTAGG 

QGACTGCTCAGGftTTTGOC^TCTGGCTAGGAAAATG^ 

TAGGAGATTCGCTCAGGCTCTGCCTGTGTGGGCO^ 

ACTATGAGCCTACCGCTGCCCAAACCTTTCTGGCTACC^^ 

ACAAGGACAATCGCTAGCCCTTGGQC^ 

AATGGAAACCAAACTGATrACCTGGGGCXSCTAAGGGACrCGTC^ 

^TTCTGGATAGCTTTGACCCTCTGGTCGCC 
ATTCTGAGAAAGTCCCTt^CAGGC!ACATAOSTCTACAATCACCT 
CACXXCTCTGAGAGACTGGGCCCATAACGGACTCAGAGACCT^^ 
CCAAAGCCGTgGAtTTTATCCCTGTGGAAAACCTCGACSAC^ 
ATT/VACGCTGTGGCTTACTATAGGGGACTGGATGTGTCCGTGAT^ 
TATGTCXXSCOGATCTGGAACTGCT^ 

TGTCCACCXjGAGCCCTCATGACAGGCTATACOGGAGACTTT^ 
GTgGAtTTTAGCCTCX^CCCTAACACAAACAGAAGGCCTCA^ 
AGTCTATCTGCTCCCKIAGAAG^ 

CCACAGGCAATCTCCCTGGCTGTAGCTTTAGCATT^ 
GCTAGGAAAGCCGTCGCCCATATCAATAGCGTCTGGAAAGACC^^ 

GCCTCTTCTATCAG<^TAAGTTTAACTC 

CrCTTCCTCCTGCTCGCCGATGCCAGAGTGT^ 

CGACTGTGAGATITACGGAGCCrrGTTACTCCATCGAA 

GCGCTTTCTCCTGGACACnCTATCACGGAG^ 

ACAAAC3GTgGAtCAAGACCTCTACJAGATTCX3TCGCCCCTC5^^ 

TGAGTKnTACGATGCCGGATGCGCTTG<^ 

TGCCTTGCTCCTTCACMCCCTCCCC^^ 

CATAGGGCTAGGTCCGTGAGAGCCACaCTGCTCGCCAGAGG 

CTTCAATATCCTCGGCGGATGOT 

GCCTCCTGAAAGTGCCTTACTTTtntaAGAGTGCAAGGCCT 

GGAACCATGAGGATT6TGG6ACCCA6AACCTGTAGGAATATGTGGAG 

AGAGGTCGCCCTCAGCACAACCGGAGAGATTCCCTTT^ 

ACCTCATCTTTCTGACAAGaGAcCCCACAACCCCT^ 

TCCTGGCTCGGQUVTATCATTAGGGTCAG^ 

AGGCATGACCACAGACAATCTGAAATGCCCTCCCGTCGTGCATGGC^^ 

CCCCTCCCAGAAAGAAAAGGACAGTGGTCCTGACAGAGTCC^ 

TTTGGCTCCAGCrcCACCTCCGGCATTACCGGAGACAATAC 

CTGGAGAGGCGATGGCATTATGCATACCAGATGCCATTGCX3GAG 

TGTTTACCi u i l iAGIVCTA<X5AGACACT 

GCTGGCCTCGCCGGAGCOGCTATCGGAAGCGTCGGCCT 

AGACATT TGGGA TTGGATTTGOGAA<nt3CTCAGCGAT^^ 

GCATTCCCriTAACTCCAGCATTGTCT^ 

ATGX3GXJACCCATTAGCTATGCCA 

GGGTCGCCATTAAGTCCCTGACAGAGAGACTCnATG^ 

TATGCCCAACAGACAAGGGGACTGCTCXSGCTGTATCATTA^ 

ACTGGAACAGGCTCTGGATTGCGAAATCTATGG<^CTTC 

AG'rTTriXIACAGafiCTOGAOGGAGTGAGaCTGCATAGG 

ATTAAGGCTAGGGCK3CCTGTAGGGCrGXXXSGACT^^ 

TATCGATCCCAATATCAGAACCGGAOTSAGAACt^ 

TGGCTGACGGATGCAATTGGACAAGGGGAGAGAGATC 

CTCAGCACAACX!CAATGGCAAACCGGACACAGAATt5GCT 

CATGGCTCAGCTCCTGAGAATCCCTCAGGCT^ 

ACGTCGGCCCTGGCGAAGGCGCTGTGCAATGGATGAAC^ 

CTCTGGAGACAGGAAATCGGAGGCAATATCACAAGGGT^ 

TGACGCTCACTTTCTGTCCCAGJICAAAGCAAAGCG^A^ 

TCCCTAAGGCTAGGAGACCCGAAGGCAGAACXrrGGGCCCAACCCGGA 

TTTCCCGATCTGGGAGTGAGAGTGTGTGAGAAAATGG 

ATACGCTACOGGAAACCTCOCCXjGATGCIt X rA"^^ 

GCGCI^ACCAACTGGGAA/^TrcCrcCT 

AAAATCATGAGOG€AGAGGTOtf^ATAGCTCCA 

AAGCTGGAGCACAGTGTCCAGCGAAGCCGGAAGGCA^ 

TGGTCATCCTCGACTCCTTCGATCCXXrrCGTG 

CCTTGCACATGCGGAAGCTCCGACCTCTACCTO 

TATCTGTGACGAATGCCATAXK^CAGACGCTACCTC 

CCACACTGCCTCAGGATCCCGTXaGCAGAA^ 

AGAAAGCATCCXX3AAGCCACATACTCaU3GTGTGG^^ 

TCTGGCTGCCGGAGTGGGAATCTATCTGCTCCCCAATAGGXjCT 
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AACTGCCTATCAATGCCCTCAC^^ 

TGCTCCGGCTCCTGGCTCAGGGATATCTGGGACTO 

GCTCATGCCTCAGCTCCCCXSGAATCCCTTTCGTCA^ 

GACCCTGGATCACACCCAGATGCCTCGTGGATTACCC^ 

TTCAAAagatctTGAgtcgacgaattcgcc 
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Melanoma Savine design 

Two savines - one containing scrambled melanocyte differentiation Ags 
- one containing scrambled melanoma cancer specific Ags 

Genes in melanocyte differentiation Savine 

gplOO 

MDLVLIOlCLLHLAVIGAIiIAVGATKW 

GANAS PS IALNFPGSQKVLPDGQVI WVNNTI INGSQVWGGQPVYPQETDDACI FPIXK3PCPSGSWSQKRSFVYVWKTW 

GQYWQVLGGPVSGLSIGTGRAMIiGTHTMEVTVYH^ 

NQPLTFALQLHDPSGYLAEADLSYTTO 

HRPTAEAPNTTAGQVPTTE WGTTPGQAPTAE PSGTTS VQVPTTEVI STAP 

EMSTPKATGMTPAEVS IVVLSGTTAAQVTTTBWVETTARELPIPEPBGPDASSIMSTES ITGSLGPLLDGTATLRLVK 
RQVPI^CVLYRYGSFSVTI^IVQGIESAEILQAVPSGE 
SPACQLVLHQIIiKGGSGTYCLWSIiADTOSIAWSTQLI 
FSVPQLPHSSSHWLRLPRIFCSCPIGENTSPLLSGQQV 

MART 

MPREDAHFIYGYPKKGHGHSYTTAEEAAGIGILTVILG^ 
FDHRDSKVSLQEKNCEPWPNAPPAYEKLSAEQSPPPYSP 

TRP-1 

PAFLTWHRYHLLRIiBKDMQEMLQEPSFSLPYWNFATGKNVCDICTDD^ 
YDTLGTLCNSTEDGPIRRNPAGNVARPMVQRLPEPQDVAQCLEVGLFDTP 

RSLHNLAHLFLNGTGGQTHLSSQDPI FVLIiHTFTDAVFDEWLRRYNADISTFPLENAP IGHNRQYNMVPFWP PVTNTE 
MFVTAPDNIiGYTYE 

Tyros 

MLIAVLYCLLWSFOTSAGHFPRACTO 

SWPSVFYNRTCQCSGNFMGFNCGNCKFGFWGPNCTERRLLVRRNI 

GQMKNGSTPMFNDINIYDLFVWMHYYVSMDAII^ 

YWDWIUJAEKCDICTDEYMGGQHPTNPNLLSPASFFSSWQIVCSRLEEYN 

PSSADVEFCLSLTQYESGSMDKAANFSFRNTLEGFASPLTC 

AFVDSIFEQWLQRHRPLQEVYPEANAPIGHNRESYMVPFIPL^ 

EQASRIWSWIJX3AAMVGAVLTAI*IAGLVSI^CRHKRKQLPEEK^^ 

TRP2 

MSPLWWGFLLSCLGCKILPGAQGQFPRVCOTVDSL^ 

NQDDRELWPRKFFHRTCKCTGNFAGYNCGDCKFX5WTGPNCERKKPPVIRQNI 
VlTTQHWIiGLUSPNGTQPQFANCSVYDFFVWI^^ 

I GNES FALP YWNFATGRNECD VCTDQLFGAARPDDPTL I S RNSRFSSWETVCTSLDDYimLVTLCNGTYBGIiliRRNQM 
GRNSMKLPTLKDIRDCLSLQKFDNPPFFQNSTFSFRNALEGFDK^ 
IFVVLHSFTDAIFDEWMKRFNPPADAWPQEIiAPIGHNI^^ 
WPTTLLVVMGTLVALVGLFVLIjAFIjQYRRIiRKGYTPL^ 

MC1R 

MAVQGS QRRLLGS LNSTPTAI PQLGLAANQTGARCLEVS I SDGLFLSLGL VSLVENAL WATI AKNRNLHS PMYCFIC 
CliALSDLLVSGTNVLETAVILLLEAGALVARAAVLQQLDNVIDVITC 

TLPRAPRAVAAI WVAS WFS TLF I AYYDHVAVLLCLVVFFLAMLVIiMAVL YVHMLARACQHA^ I ARLHKRQRPVHQG 

FGLKGAVTLTILI^IFFLCWGPFFLHLTLIVLCPEHPTCGCIFK^^ 

LTCSW 

MUC1F 

MTPGTQSPFFLIJJ4LTVLTVVTGSGHAS STPGGBKETSATQRSSVPSSTEKNAVSMTSSVLSSHS PGSGSSTTQGQDV 
TLAPATEPASGSAATWGQDVTSVPVTRPALGSTTPPAHDVTSAPDNK 
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MDC1R 

NRPALGSTAPPVHNVTSASGSASGSASTLVHNGTS 

VTPLTSSNHSTSPQLSTGVSFFFLSFHISNLQFNSSLEDPSTD^ 

WQLTIAFREGTINVHDVOTQFNQYKTEAASRYNL^ 

LIAIJVVCQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRYVPPSSTDRSPYE 



NB Muc 1 Repeat sequences in the middle of the gene were removed 



Genes in melanoma specific Savine 
BAGE 

MAARAVTLALSAQLLQARLMKBESPVVSWRLEPEDGTALCFIF 
GAGB-1 

MSWRGRSTYRPRPRRYVEPPBMIGPMRPEQFSDEVBPATPEEGEPATQRQDPAAAQEGEDEGASAGQGPKPEADSQEQ 
GHPQTGCECBIXSPDGQEMDPPNPEEVICTPEEEMRSHYVAQTGILWL 

gpl00In4 

SWSQKRSFVYWKTWGEGLPSQPIIHTCVYFFLPDHLSFGRPFHLNFCDFL 
MAGE-1 

MSLEQRSLHCKPEEALEAQQEALGLVCVQAATSSSSPLV^ 

GSSSREEEGPSTSCII^SLFRAVITKKVADLVGFLJULKYRAREPVTKAEMLESVI 

ID VKEADPTGHS YVL VTCLGLS YDGLLGDNQ IMPKTGFLI I VL VM IAMEGGHAPEEE I WEELS VMEVYDGREHS AYGE 
PRKLLTQDLVQEKYLEYRQVPDSDPARYEFLWGPRAIAETSYVKVLEYVICT 

MAGE -3 

MPLEQRSQHCKPEEGLEARGEALGLVGAQAPATEEQEAASSSSTLVEV^ 
LWSQSYEDSSNQEEEGPSTFPDLBSEFQAALSRKVAELVHFIjLLKYRAREPvTKA^ 

SLQL VFG IELMEVDP IGHLYI FATCLGLS YDGLLGDNQ IMPKAGLLI I VLAI IAREGDCAPEEKIWEELSVLEVFEGR 

EDSILGDPKKLLTQHFVQENYLEYRQVPGSDPACTEFLWGPRALVETSYVKV^ 

EE 

PRANE 

MERRRLWGS IQSRYI SMSVWTSPRRLVELAGQSLLKDEALAIAA 
TCHjPIjGVIiMKGQHI*HI*ETFKAVUX5IiDv^^ 
KKRKVDGLSTEAEQPFIPVEVLVDLFLKEGAO)^ 
IEDLEVTCTWKLPTLAKFSPYIjGQMINLRRIiLLSH 

ux}llrhvmnpletlsitncrlsegdv*ralsqspsvsq^ 

tdixjllallpslshcsqlttlsfygnsisisalqsllqhliglsnlthvlypv^ 

ellcelgrpsmvwlsanpcphcgdrtfydpepilcpcfmpn 

TRP2IN2 

LMETHLS SKRYTEEAGGPFPWLKVTY5^FVIGI*RVWQWEVIS CKLI KRATTRQP 
NYNSOla 

MQAEGRGTGGSTGDADGPGGPGIPIXSPGGNAGGPGEAGATGGRGPRGAGAARASGPGGGAPRGPHGGA^ 

GARGPESRLLEFYLftMPFATPMEAEIiARRSLAQDAPPLPVPGVLLKEFWSGNIL^ 

SLLMWITQCFLPVFLAQPPSGQRR 

NYNSOlb 

MLMAQEALAFIiMAQGAMLAAQERR VPRAAEVPGAQGQQG PRGREEAPRGVRMAARLQG 
LAGE1 
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MQAEG<X3TGGSTGDAIX3PGGPGIPDGPGGNAGG 

GARRPDSRLLQIiHITMPFS S PMEAELVRR ILSRDAAPLPRPGAVLKDFTVSGNLLFIRLTAADHRQLQLS I SSCLQQL 
S LLMWI TQCFLPVFIAQAPSGQRR 



Differentiation Savine Scramble process 



Disease name 
Input filename 
Output filename 
Number genes 
Number segments 
Segment length 
Segment overlap 



melanoma 
Diffmucg.txt 
Diffmucs.txt 
8 

187 

30 

15 



Segments in original order: 



Gene : gplOO 

Segment* : 1 
Offset : 1 
1st Codon : 1 

AAMDLVLKRCLLHLAVIGALLAVGATKVPR 

Gene : gplOO 

Segment* : 2 
Offset : 16 
1st Codon : 1 

VIGALLAVG ATKVPRNQDWLGVSRQLRTKA 

GTGATTGGCGCTCTGCTCGCCGTCGG^ 

Gene : gplOO 

Segment* : 3 
Offset : 31 
1st Codon : 1 

NQDWLGVSRQLRTKAWNRQLYPEWTEAQRL 
AACCAAGACTGGCTGGGAGTGTCCAGGCAACK^^ 

Gene : gplOO 

Segment* : 4 
Offset : 46 
1st Codon : 1 

WNRQLYPBWTEAQRLDCWRGGQVStiKVSND 
TGGAATAGGCAACTGTATCCCGAATGGAOIGAG^ 

Gene : gplOO 

Segment* : 5 
Offset : 61 
1st Codon : 1 

DCWRGGQVSLKVSNDGPTLIGANASFS I A L 
GACTGTTGGAGJK3CJCGGACAGGTOM3CCTCAAG 

Gene : gplOO 

Segment* : 6 
Offset : 76 
1st Codon ; 1 

GPTLIGANASFSIALNFPGSQKVLPDGQVI 
GGCXCTACCCTC!ATCGGAGCCAATGCCrcCTTCT 

Gene : gplOO 

Segment* : 7 
Offset : 91 
1st Codon : 1 

NFPGSQKVLPDGQV IWVNNTI I N G S QVWGG 

iTCTGGGTGAATAACACAATCAT 



Gene : gplOO 

Segment* : 8 

Offset : 106 

1st Codon : 1 
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WVNNTIINGSQVWGGQPVYPQBTDDACIFP 
TGGGTCAACAATACCATTATCAATGGCTCCCAGGTC^^ 

Gene : gplOO 

Segments : 9 
Offset : 121 
1st Codon : 1 

QPVYPQBTDDACIPPDGGPCPSGSWSQKRS 
CAGCCTGTGTATCCCCAAGAGACAGACGATGCCTGTATCTTTCCCG^ 

Gene : gpioo 

Segment* : 10 
Offset : 136 
1st Codon : 1 

° ° G P C ^SGSWSQKRSFVYVWKTWGQYWQVL 
GACGGAGGCCITIYKXCTAGCGGAAGCTGGAGCCAA^ 

Gene : gplOO 

Segment # : 11 
Offset : 151 
1st Codon : 1 

P V Y __ V W KTWGQYWQVLGGPVSGLSIGTGRAM 
TTCGTCTACGTCTG<y\AAACCTGGGGCCAATACTGGC^ 

Gene : gplOO 

Segment* : 12 
Offset : 1*6 
1st Codon : 1 

GGPVSGLSIGTGRAMLGTHTMEVTVYHRRG 
GGCGGACC03TCAGCGGACTGTCCATOQ3AACOGGA 

Gene : gplOO 

Segment* : 13 
Offset : 181 
lBt Codon : 1 

LGTHTMBVTVYHRRGSRSYVPLAHSSSAPT 
CTGGGAAOXATACCATGGAGGTCACaSTCT 

Gene ; gpioo 

Segment* : 14 
Offset : 196 
1st Codon : 1 

S R S Y __ V PLAHSS SAPTITDQVPPSVSVSQLR 
AGCAGAAGCTATGTGCCTCTCGCTCACTCCAGCrCC^ 

Gene : gplOO 

Segment* : 15 
Offset : 211 
1st Codon : 1 

ITDQV PP SVSVSQLRALDGGMKHFLRNQPL 
ATCACAGA03WVGTGCCTITCTCCGTCT 

Gene : gplOO 

Segments : 16 
Offset : 226 
1st Codon : 1 

ALDGGNKHFLRNQPLTPALQLHDPS G Y LAB 
GCCCTCGACGGAGGCAATAAGCATITarrCAGGAATCAG^ 

Gene : gplOO 

Segment* : 17 
Offset : 241 
1st Codon : 1 

T p ALQLHDPSGYLABADLSYTHDFGDS SGT 
ACCTTTGCCCTCCAGCTCCACGATCCCTC^^ 

Gene : gpioo 

Segment* : 18 
Offset : 256 
1st Codon : 1 

A P L S YTWDFGDSSGTLISRALVVTHTYLEP 
GCCGATCTGTCCTACA(!ATGGGATTTCGGAGACT 
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Gene : gplOO 

Segment # : 19 
Offset : 271 
1st Codon : 1 

LISRALVVTHTYLBPGPVTAQVVLQAAIPL 
CTGATTAGCAGAGCCCTCXnXXnX^CCC^TAarrAT^ 

Gene : gplOO 

Segments : 20 
Offset : 26$ 
1st Codon : 1 

GPVTAQVVLQAAI PLTSC6 
GGCCCTGTGACAGCCCAAGTX^(XTGCAAGCCGCTAT 

Gene : gplOO 

Segments : 21 
Offset : 301 
1st Codon : 1 

TSCGSS PVPGTTDGHRPTABAPNTTAGQVP 
ACCTCCTGCGGAAGCTCCCCCXnrCXXX^AACC^ 

Gene : gplOO 

Segments : 22 
Offset : 316" 
1st Codon : 1 

RPTAEAPNTTAGQVPTTBVVGTTPGQAPTA 

^GGCCTACCGCTGAGGCTCCCAATACCACAGCCG 

Gene : gplOO 

Segments : 23 
Offset : 331 
1st Codon : 1 

TTBVVGTTPGQAPTABPSGTTSVQVPTTEV 
ACCACAGAGGTCGTGGGAACXZACACCCGGACAGGCTCCCACAGCC^^ 

Gene : gplOO 

Segments : 24 
Offset : 346 
1st Codon : 1 

BPSGTTSVQVPTTEVISTAPVQMPTABSTG 
GAGCCTAGCGGAACCACAAGCGTCCAGGTCCCC 

Gene : gplOO 

Segments : 25 
Offset : 361 
1st Codon : 1 

ISTAPVQMPTABSTG 
ATCTCCACCGCTC«XyiXX3W^TGCCC^ 

Gene : gplOO 

Segments : 26 
Offset : 376 
1st Codon : 1 

MTPBKVPVSBVHGTTLAEMSTPBATGMTPA 
ATGACACCCGAAAAGGTCCCOGTCAGCXSAAGTGATOGGC^ 

Gene : gplOO 

Segments : 27 
Offset : 391 
1st Codon ; 1 

LA BMSTPBATGMTPABVSIVVLSGTTAAQV 
CTGGCTGAGATGAGCACACCCGAAGCCACACXXIATGAC^ 

Gene : gplOO 

Segments : 28 
Offset : 406 
1st Codon : 1 

B V S I V V L S G TTAAQVTTTBWVBTTARELPI 
GAGGTCAGCATTGTGGTCCTGTCOGGCAO^Crc 



Gene : gplOO 
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Segment # : 29 
Offset : 421 
1st Codon : 1 

TTTEWVKTTARELPI PEPBGPDASSIHSTB 
ACCAOUVCCGAATGGGTCGAGACAACC6CTAGG6AACTGCCTA 

Gene : gplOO 

Segments : 30 
Offset : 436 
1st Codon : 1 

PBPBGPDASSZMSTESZ 
CCCGAACCCX3AAGGCCCTGACGCTAGCTCCATCATGA 

Gene : gplOO 

Segments : 31 

Offset : 451 
1st Codon 1 



Gene : gplOO 

Segment* : 32 
Offset ; 466 
1st Codon : 1 

LRLVKRQVPLDCVLYRYGSFSVTLDIVQGI 

CTGUVGACTGGTCAAGAGACAGGTCCX!CCTCG^ 

Gene : gplOO 

Segments : 33 
Offset : 481 
1st Codon : 1 

RYGS PSVTLDI VQGI ESAEILQAVPSGEGD 
AGGTATGGCTOTTCTCCGTGACACTGG^ 

Gene : gplOO 

Segments : 34 
Offset : 496 
1st Codon : 1 

BSAEILQAVPSGEGDAFBLTVSCQGGLPKE 
GAGTCCGCCGAAATCCTCCAGGCTGTGCCTAGCGGA^ 

Gene : gplOO 

Segments : 35 
Offset : 511 
1st Codon : 1 

AP E LTVSCQGGLPKEACMBXSSPGCQPPAQ 
GCCTTTGAGCTCACCGTCAGCTGTCAGGGAG 

Gene : gplOO 

Segments : 36 
Offset : 526 
1st Codon : 1 

ACME ISSPGCQPPAQRLCQPVLPS PACQLV 
GCCTGTATGGAAATCTCCAGCCCTGGCTGTCAGCCTCCC^ 

Gene : gplOO 

Segments : 37 
Offset : 541 
1st Codon : 1 

RLCQPVIiPSPACQLVI»HQILKGGSGTYCLN 
AGGCTCTGCC^CCCGTCCTGCCTA^ 

Gene : gplOO 

Segments : 38 
Offset : 556 
1st Codon : 1 

LHQI LKGGSGTYCLNVSLADTNSLAVVSTQ 
CTGCATCAGATTCTGAAAGGCGGAAGCGGAACCTATTGC^ 

Gene : gplOO 

Segments : 39 
Offset : 571 
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TQLIMPGQEAGLGQVPL 

ATCATGCCCX^ACAGGAAG(XG<^CTGGGACAGGTCCCCCTC 

Gene : gpioo 

Segment # : 40 
Offset : 586 
1st Codon : 1 

LIMPGQBAGLGQVPLIVGILLVLMAVVLAS 
CTGATTA7 

Gene : gplOO 

Segments : 41 
Offset : 601 
1st Codon : 1 

IVGILLVLMAVVLASLIYRRRLMKQDPSVP 
ATCCTCGGCATTCPGCTCGTGCTCAT^^ lTCm*TIUCCT 

Gene : gplOO 

Segment# : 42 
Offset : 616 

1st Codon : 1 

LIYRRRLMKQDPSVPQLPHSSSHWLRLPRI 
CTGATTTACAGAAGGAGACTGATGAAGCAAGA^ 

Gene : gplOO 

Segments ; 43 
Offset : 631 
1st Codon : 1 

QLPHSSSHWLRLPRIFCSCPI GBNSPLLSG 
CAGCTCCCCCATAGCTCOVGC^ 

Gene : gplOO 

Segments : 44 
Offset : 646 
1st Codon : 1 

PCSCPIGBNSPLLSGQQVAA 
TTCTGTAGCTGTCCCATTGGCGAAAACTCCCXC^ 

Gene : MART 

Segments : 1 
Offset : 1 
1st Codon : 1 

A A M P R B D A H P IYGYPKKGHGHSYTTABBAA 
GCCGCTATGCCTAGGGAAGAOSCraUrrTTA 

Gene : MART 

Segments : 2 
Offset : 16 
1st Codon : 1 

RKGHGH SYTTABBAAGIGI LTV1 
AAGAAAGGCCATGGCCATAGCTATACCACAGCCGAAGAGGCTGCCG 

Gene : MART 

Segments : 3 
Offset : 31 
1st Codon : 1 

GIGILTVILGVLLLIGCWYCRRRHGYRALM 
GGCATTGGCATTCTGACAGTGATTCTGGGAG^ 

Gene : MART 

Segments : 4 
Offset : 46 
1st Codon : l 

GCWYCRRRNGYRALMDKSLHVGTQCALTRR 
GGCTGTTGGTATTGCAGAAGGAGAAACGGATACAGAGCCCrc^ 



Gene 
Segments 
Offset 
1st Codon 



MART 

5 

61 
1 



DKSLHVGTQCALTRRCPQEGFDHRDSKVSL 
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GAOVAAAGCCTCCACGTCGGCACAC^ 



Gene : HART 

Segment* : 6 
Offset : 76 
1st Codon : 1 

CPQ BGFDHRDSKVSLQ 
TGCCCTCAGGAAGGCTTTGACCATAGGGATAG 



Gene 
Segment^ 
Offset 
1st Codon 



MART 
7 

91 
1 



Gene : MART 

Segments : 8 
Offset : 106 
1st Codon : 1 
YBKLSABQSPPPYSPAA 



Gene : TRP-1 

Segment* : 1 
Offset : 1 
1st Codon : 1 

AAPAFLTWHRYHLIiRLBKDMQEM LQB P S , F S 

GCCGCTCCCGCTTTCCTCACCTGGCACAGATACCATCT^ 

Gene : TRP-1 

Segments s 2 
Offset : 16 
1st Codon : 1 

LEKDMQEMLQEPS FSLPYWNFATGKNVCD I 
CTGGAAAAGGATATCCJWVGAGATGCTGCAAGAGCCTAGCT^ 

Gene : TRP- 1 

Segments : 3 
Offset : 31 
1st Codon : 1 

I* P Y W N F ATGRHVCDICTDD LNGS RSNFOST 
CTGCOTACTGGAACTTTGCCA<»GGCAAA 

Gene : TRP-1 

Segments : 4 
Offset : 46 
1st Codon : 1 

CTDDLMGS RS N..FD S T I» I S P N S V F SQWRVVC 
TGCACAGACX^TCTGATGGGCTCCAGGTCCAACrTTGA 

Gene : TRP-1 

Segments : 5 
Offset : 61 
1st Codon : 1 

LISPNSVFSQWRVVCDSLBDYDTLGTLCNS 
CTGATTAGCCCTAACTCOGTGTTTAGCCAATGGAGAGTGG^ 

Gene : TRP-1 

Segments : 6 
Offset : 76 
1st Codon : 1 

DSI*BDYDTLGTLCNSTEDGPIRRNPAGNVA 
GACTCCCTGGAAGACTATGACACACTGGGAACCCTCTGCAATAGC^ 

Gene : TRP-1 

Segments : 7 
Offset : 91 
1st Codon : 1 

TBDGPI RRNPAGNVARPMVQRLPEPQDVAQ 
ACCGAAGACGGACCC^TTAGGAGAAACCCTGCCGGAAACGTCGC^ 



Figure 27 (Cont) 



WO 01/090197 



PCT/AU01/00622 



Gene . TRP-1 1 57/2l6 

Segments : 8 
Offset : 106 
1st Codon : 1 

RPMVQRLP EPQDVAQCLEVGLFDTP PPYSN 
AGGCCTATGGTCCAGAGACTGCCTGAGCCTCAG6ATGTGGCTCAGTGT 

Gene : TRP-1 

Segments : 9 
Offset : 121 
1st Codon : 1 

CLBVGLFDTPPFYSNSTNSFRNTVBGYSDP 
TGCXTTCGAGGTCGGCCTCTTCGATACCC^ 

Gene : TRP-1 

Segment* : 10 
Offset : 136 
1st Codon : 1 

STHS PRNTVEGYSD PTGKYDPAVRS LHNLA 
AGCAOUVACTCCTTCAGAAACACAGTGGAAGGCT 

Gene : TRP-1 

Segments : 11 
Offset : 151 
1st Codon : 1 

TGKYDPAVRSX.HNLAHLFLNGTGGQTHLSS 
ACCGGAAAGTATGACCCTGCCGTCAGGTCCCTGCATA^ 

Gene : TRP-1 

Segment^ : 12 
Offset : 166 
1st Codon : 1 

HLFLNGTGGQTHLSSQDPIFVLLHTFTDAV 
CACCTCTTCCTCAACGGAACCGGAGGCC^^ 



Segments : 13 
Offset : 181 
1st Codon : 1 

Q D P I F VLLHT FTDAVFDBHLRRYNADI STF 

CAGGATCCCATTTTCGTCCTGCTCCACACATTCIACAGACG^ 

Gene : TRP-1 

Segments : 14 
Offset : 196 
1st Codon : 1 

FDBHLRRYNADI STFPLBNAPIGHNRQYNM 
TTCGATGAGTCGCTGAGAAGGTATAACGCTCACA 

Gene : TRP-1 

Segments : 15 
Offset : 211 
1st Codon : 1 

PLBNAPIGHNRQYNMVPFWPPVTNTEMFVT 
(XCCrCXSAGAATGCCCCTATCGGACACAATAGGCAATACAATATG 

Gene : TRP-1 

Segments : 16 
Offset : 226 
1st Codon : 1 

VPFWPPVTNTEMFVTAPDNIiGYTYBAA 
GTGCCTTTCTGGCCCCCTGTGACAAACACAGAGA^ 

Gene : Tyros 

Segments : 1 
Offset : 1 
1st Codon : 1 

AAMLLAVLYCLLWS FQTSAGHFPRACVSSK 
GCCGCTATGCTCCTCXSCTGTGCTCTACTGT^ 



Gene : Tyros 

Segments : 2 
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Offset : 16 
1st Cod cm : 1 

Q T S A G H P 
CAGACAAGCGCTGGCCAT 



158/216 



P R A C V 



SKNLMEKECCPPWSGDR 



Gene 
Segment # 
Offset 
1st Codon 



Tyros 
3 

31 
1 



N L M B K 8 C 
AACCTCATGGAAAAGGAAT 



C P P W 



S6DRSPC6QLSGR6SCQNI 
\TAGGTCCCCCTGTGGCCAACTGTCCGGCAGAGGCTCCTGCC^ 



: Tyros 
Segments : 4 
Offset : 46 
1st Codon : 1 

S PC GQLSGRGSCQNILLSNAPLGPQFPFTG 
AGCCCTTGfCGGACAGCTCAGCGGAAGGGGAAGCT 

Gene : Tyros 

Segment# : 5 
Offset : 61 
1st Codon : 1 

LLSNAPIaGPQFPPTGVDDR 
CIXXTCAGCAATGCCCCTCTGGGACCCCAATTC 



E S W P S 



F Y H R T 
ATAGGACA 



Gene .* Tyros 

Segments : 6 
Offset : 76 
1st Codon : 1 

VDDRBSWPSVPYNRTCQCSGNFMGFNCGNC 
GTGGATGACAGAGAGTCCTGGCCTAGGCTCTT^ 



: Tyros 
Segments : 7 
Offset : 91 
1st Codon : 1 

CQCSGNFMG FNCGNCKFGFWGPNCTERRLL 
TGCCAATGCTCCGGCAATITCATGGGCTTTAACT^ 



Gene 
Segments 
Offset 
1st Codon 
K F G F 



Tyros 
B 

106 
1 

W G 



PNCTBRRLLVRRNI FDLSAPEKDK 
^CAGAGAGAAGGCTCCTGGTC^VGGAGAAACATTTO 



Gene : Tyros 

Segments : 9 
Offset : 121 
1st Codon : 1 

VRRNIFDLSAPBKDKFFAYLTLAKHTI SSD 
GTGAGAAGGAATATCTTTGACCTCAGCGCTCCCGAAA 

Gene : Tyros 

Segments : 10 
Offset i 136 
1st Codon : 1 

FFAYLTLAKHTISSDYVI PIGTYGQHKNGS 
TTCTTTGCXTTATCTGACACrGGCrAAG 

Gene : Tyros 

Segments : 11 
Offset : 151 
1st Codon : 1 

YVIPIGTYGQMKHGSTPMPNDINIY 
TACGTCATCCCTATCGGAACCTATGGCCAAATG 



D h F 



Gene 

Segments 
Offset 
1st Codon 



Tyros 
12 
166 
1 
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TPMFNDIHIYDLFVWMHYYVSMDALLGGSB 
ACCarTATGTTTAAO^TATCAATATCTATC^ 



1st Cod on : 1 

MHYYVSMDALLGGSE IWRDIDFAHEAPAFL 
ATGCATTACTATGTGTCCATGGATGCCCTCCrc 



Segment # : 14 
Offset : 196 
1st Codon : 1 

IW RDIDFAHBAPAFLPWHRLFLLRWEQEIQ 
ATCTGGAGGGATATCGATTTOGCTCACGAAGCCCCTGCCTTTCTCC^^ 

Gene : Tyros 

Segment # : 15 
Offset : 211 
1st Codon : 1 

P W H R L F LLRWEQBIQKLTGDENFTI PYWDH 
CCCTGGCACAGACTGTTTCTGCTCAGGTGGGA^ 

Gene : Tyros 

Segment # : 16 
Offset : 226 
1st Codon ; 1 

K L T G D E W F TIPYWDWRDAEKCDI CTDBYMG 
AAGCTCACCGGAGAOGAAAACTTTACCATTCCCTATTGGGAT^ 

Gene : Tyros 

Segment ft : 17 
Offset : 241 
1st Codon : 1 

R D A E K CD ICTDEYMGGQHPTMPNIiLSPASF 
AGGGATGCCGAAAAGTGTGAC^TTTGCACAGACGAATACATG^ 

Gene : Tyros 

Segments s 18 
Offset : 256 
1st Codon : 1 

GQHPTNPNLLSPASFFSSWQIVCSRLBBYN 
GGCC»AC»CCCTACCMTCCCAATCIW^ 

Gene : Tyros ( 

Segments : 19 
Offset : 271 
1st Codon : 1 

FSSWQIVCSRLBBYNSHQSLCNGTPBGPLR 
TTCTCCAGCTGGCAGATTGTGTCTAGCAGACT 

Gene : Tyros 

Segment ft : 20 
Offset : 286 
1st Codon : 1 

SHQSLCNGTPBGPLRRNPGNHDKSRTPRLP 
AGCCATOtfn'CCCTGTGTAACTGAACCCCTGA 

Gene : Tyros 

Segment* .- 21 
Offset : 301 
1st Codon : 1 

RNPGMHDKSRTPRLPSSADVBFCIiSLTQYB 
AGGAATCCCGGAAACCATGACAAAAGCAGAACCCCTAG^ 

Gene : Tyros 

Segments : 22 
Offset : 316 
1st Codon : 1 

SSADVEFCLSLTQYBSGSMDKAANFS FRHT 
AGCTCCXSCCGATGTGGAATTCTGTCTGTCOT 




Gene 

Segments 
Offset 



Tyros 

13 

181 



Gene 



: Tyros 
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Gene : Tyros 

Segment# : 23 
Offset : 331 
1st Codon : 1 

SGSMDKAA N P S F RNTLBGPASPLTGIADAS 
AGQGGAAGOVTGGACAAAGCCX&TAACITTAGCnTTAGG 

Gene : Tyros 

Segment# : 24 
Offset : 346 
1st Codon : 1 

L B °.,„f— A SPLTGIADAS Q SSM HNALH IYMNGT 
CTGGAAGGCTTTGCCTCCCCCCrrCACCGGAATCGCTGA^ 

Gene : Tyros 

Segments : 25 
Offset : 361 
1st Codon : l 

QSSMHNALHIYMNGTMSQVQGSANDPIFLL 

CAGTCCAGC&TGCACAATGCXICTCCAC^ 

Gene : Tyros 

Segments : 26 
Offset : 376 
1st Codon : 1 

MSQVQGSAHDPZ FLLHHAPVDS I FEQHLQR 
ATGTCXCAGGTCOVGGGAAGCGCTAACGATCCCATTTTC^^ 

Gene : Tyros 

Segments : 27 
Offset : 391 
1st Codon : 1 

H H A F V D S I P BQWLQRHRPLQEVYPEANAPI 
CACCATGCCTTTGTGGATAGCATTTTC^^ 

Gene : Tyros 

Segments : 28 
Offset : 406 
1st Codon : 1 

HRPLQBVYPBANAPIGHNRESYMVPPXPLY 
CACAGACCCCTCOUSGAAGTGTATC^^ 

Gene : Tyros 

Segments : 29 
Offset : 421 
1st Codon : 1 

GHHRBSYMVPPIPLYRKGDFFISSKDLGYD 
GGCCATAACAGAGAGTCXTrACATGGTGCCTTTCA^ 

Gene : Tyros 

Segments : 30 
Offset : 436 
1st Codon : 1 

R N G D P P ISSRDLGYDYSYLQDSDPDSPQDY 
AGGAATGGCGATTTCTrTATCTCCAGCAAAGACCTCGGCT 

Gene : Tyros 

Segments : 31 
Offset : 451 
1st Codon : 1 

YSYLQDSDPDSFQDYIKSYLBQASRIWSWL 
TACTCCTACCTCCAGGATAGCXSATCCCGATAGCTTTC^ 

Gene : Tyros 

Segments : 32 
Offset : 466 
1st Codon : l 

1KSYLBQASRIWSWLLGAAMVGAVLTALLA 
ATCAAAAGCTATCTGGAACAGGCTAGCAGAA 

Gene : Tyros 
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Segraent# : 33 
Offset : 481 
1st Codon : 1 

LGAAMV6AV 
CTGGGAGCCGCTAT 



161/216 



LTALLAGLVSLLCRHKRKQLP 
5CCGGACTGGTCAGCCTCCTGTGTAGGCATAAGAGAAAGCAACTGCCT 



Gene 

Segments 
Offset 
1st Codon 
G L V 



Tyros 
34 
496 
1 

h L C R H 



KRKQLPBE 



KQPLLMBKEDYHS 
\TGGAAAAGGAAGACTATCACTCC 



: Tyros 
Segments : 35 
Offset : 511 
1st Codon : 1 

EBKQPLLMBKEDYHS LYQSHLAA 
GAGGAAAAGCAACCCCTXXTTGATGGAGAAAGAGGATTACX^ 

Gene : TRP2 

Segments : 1 
Offset : 1 
1st Codon : 1 

AAMS plwwgfllsclgckilpgaqgqfprv 

GCCGCTATGTCCCCCCTCnt^TGGGGCTTTCTGCTCAGCT 



Gene 

Segments 
Offset 
1st Codon 
G C K 



TRP2 
2 

16 
1 

I L P 



GAQGQPPRVCMTVDSLVNKBCCPR 



GGCTGTAAGATTCTGCCTGGCGCTCAGGGACAGTTrCCCAG^ 

Gene : TRP2 

Segments : 3 
Offset : 31 
1st Codon : 1 

CMTVDSLVNKECCPRLGAESANVCG 
ra»TGACC«TCX»CnrcTGGT^ 



Q Q G R 



Gene : TRP2 

Segments : 4 
0ff8et : 46 
lBt Codon : 1 

LGABSAHVCGSQQGRGQCTBVRADTRPWSG 
CTGGGAGCCGAAAGCGCTAACGTCTGCGGAAGCCAACAGGGAAGG 

Gene : TRP2 

Segments : 5 
Offset : 61 
1st Codon : 1 

GQCTEVRADTRPWSGPYI LRNQDDRELWPR 
GGCXMTGCACAGAGGra^GGCTGAC^CAAGGCCTTGGTC 

Gene : TRP2 

Segments : 6 
Offset : 76 
1st Codon : 1 

PYILRNQDDRBLWPRKPPHRTCKCTGNPAG 
CCCTATATCCTCAGGAATCAGGATCACAGAGAGCT 

Gene : TRP2 

Segments : 7 
Offset : 91 
1st Codon : 1 
KP FHRTCKCTGN 



FAGYNCGD CKPGWTGPNC 
AAGTTTTTCCATAGGACATGCAAATGCJU3VGGCAATTr^ 

Gene : TRP2 

Segments : 8 
Offset : 106 



Figure 27 (Cont) 



WO 01/090197 



PCT/AU01/00622 



162/216 



1st Codon : 1 

Y K C G D C K P GHT6PNCBRKKPPVIRQNIHSL 

TAC^TTGCGGAGACTCTAAGTTTG^ 

Gene s TRP2 

Segment* : 9 
Offset : 121 
1st Codon : 1 

BRKKPPVIRQNIHSLSPQEREQFLGALDLA 
GAGAGAAAGAAACCCCCTGTGATTAGGCAAAACATTCACTC^ 

Gene : TRP2 

Segment* r 10 
Offset : 136 
1st Codon : 1 

SPQBRBQFLGALDLAKKRVHPDYVITTQHW 
AGCCCTCAGGAAAGGGAACAGTTTCTGGGAGCCCTC^ 

Gene : TRP2 

Segment * : 11 
Offset : 151 
1st Codon : 1 

KKRVHPDYVI TTQHWLGLLGPNGTQ PQPAN 
AAGAAAAGGGTCCACCCTGACTATGTGATTACCACACAGC^ 

Gene : TRP2 

Segment* : 12 
Offset : 166 
1st Codon : 1 

LGLLGPNGTQPQPANCSVYDFPVWLHYYSV 
CrGGGACTGCrOGGCCCTAACXsGAACCa^ 

Gene : TRP2 

Segment* : 13 
Offset : 181 
1st Codon : 1 

CSVYDFFVWI*HYYSVRDTI*LGPGRPYRAID 
TGCTXXrGTGTATGACTTTTTCGTCTGGCTC^ 

Gene : TRP2 

Segment* : 14 
Offset : 196 
1st Codon : 1 

RDTLLGPGRPYRAIDFSHQGPAFVTWHRYH 

Gene : TRP2 

Segment* : 15 
Offset : 211 
1st Codon : 1 

F S H Q G P A F VTWHRYHLLCLERDLQRLIGNB 
TTCTCCCACCAAGGCCCTGGZTTTGTGACA^ 

Gene : TRP2 

Segment* : 16 
Offset : 226 
1st Codon : 1 

LLCLBRDLQRLIGNESFALPYWNFATGRNE 

Gene : TRP2 

Segment* : 17 
Offset : 241 
1st Codon : 1 

SFALPYWNFATGRNE 
AGCTTTGCCCTCCCCTATTGGAATTTCGCTACCGGAAGGA^ 



Gene 
Segment* 
Offset 
1st Codon 



TRP2 
18 
256 
1 



CDVCTDQLPGAARPDDPTLISRNSR FSSWE 
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TGCGATGTGTGTACCGATCAGCTCTTCGGAGCCGCTA 



Segment* ; 19 
Offset : 271 
1st Codon : x 

DPTLISRNSRPSSWBTVCDSLDDYNHLVTL 
GACCCTACCCTCATCTCCAGGAATAGXIAG^ 

Gene : TRP2 

Segment** : 20 
Offset : 286 
1st Codon : l 

TVCDSLDDYHHLVTLCNGTYEGLLRRNQMG 
ACCGTCTGOGATAGCCTCGACGATTACAATCACCTCC 

Gene : TRP2 

Segment* : 21 
Offset : 301 
1st Codon : 1 

CNGTYEGLLRRNQMGRNSMKLPTLKDIRDC 
TGCAATGGCACATACGAAGGCCTCCTGAGA^ 

Gene : TRP2 

Segment** : 22 
Offset : 316 
1st Codon : 1 

R N SM K L PT I* K D I RDCLS LQ KPDN P PFFQN S 
AGGAATAGCATGAAGCTCCCCACACTGAAAGACATTAGGG^ 

Gene : TRP2 

Segment # : 23 
Offset : 331 
1st Codon : l 

I» S L Q K P D N P P P FQNSTFS FRNALEGFDKAD 
CIX3TCCCTCCAAAAGTrTGACAATCr^ 

.Gene : TRP2 

Segment* : 24 
Offset : 346 
1st Codon : 1 

T P S P R NALEGPDKADGTLDSQVMSLHNLVH 
ACCITTAGCTTTAGGAATGCCCTCGAGGGAT^ 

Gene : TRP2 

Segment** : 25 
Offset : 361 
1st Codon : 1 

GTLDSQVMSLHNLVHSFLNGTNALPHSAAH 
GGCACACIGGATAGCCAAGTGATGAGCCTCCACAA^ 

Gene : TRP2 

Segments : 26 
Offset : 376 
1st Codon : 1 

SFLMGTHALPHSAANDPIPVVLHSPTDAI P 
AGCriTClGAATGGCACAAACGCTCre 

Gene : TRP2 

Segment** : 27 
Offset : 391 
1st Codon : 1 

D P I P V V I* H S P TDAIFDEWMKRFN PPADAHP 
GACCCTATCTTTGTGGTCCTGCATAGCTTTACCGAT^ 

Gene : TRP2 

Segment* : 28 
Offset : 406 
1st Codon : 1 

DBWHKRPNP PADAWPQELAPIGHNRMYNMV 

GAOMTG^TGAAGAGATTCAATCCCXrCTGCa^T^ 



Gene 



: TRP2 
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Gene : TRP2 

Segment** : 29 
Offset : 421 
1st Codon : l 

Q B L A P IGHNRMYNMVPp'pp PVTNBB LP I* T S 
CAGGAACTGGCTCCCATTGGCCATAAOIGAATGTATAAC^ 

Gene : TRP2 

Segment* : 30 
Offset : 436 
1st Codon : 1 

PPP PPVTNEELFLTSDQLGYSYAIDLPVSV 
CCCTTTTTCCCTCCCGTCACCAATGAGGAACTGTTT^ 

Gene : TRP2 

Segment* : 31 
Offset : 451 
1st Codon : 1 

•DQLGYSYAIDLPVSVEBTPGWPTTLLVVMG 
GACCAACTGGGATACTCCTAOXrrATCGATCTGCCrG^ 

Gene : TRP2 

Segment* : 32 
Offset : 466 
1st Codon : 1 

EBTPGWPTTLLVVHGTLVALVGLFVLLAFL 

CXrrCCTGGTCGTGATGGGCACACTGGTC^ 



: TRP2 
Segment* : 33 
Offset : 481 
1st Codon : 1 

TLVALVG LPVLLAFLQYRRIiRKGYT P LMBT 
ACCCrCGTGGCTCTGGTOGGCCTCTTCGT^^ 

Gene : TRP2 

Segment* : 34 
Offset : 496 
1st Codon : 1 

QYRRLRKGYTPLMBTHLSSKRYTEBAAA 
CAGTATAGGAGACTCAGAAAGGGATACACAC«:CTCATGGAAArc 

Gene : MC1R 

Segment* : 1 
Offset : 1 
1st Codon : 1 

A A M A V QGSQRRLLGSLNSTPTAIPQLGLAA 

GCCGCTATGGCTtjIGCAAGGCTCCCAGAGAAGGCTC^ 

Gene : MC1R 

Segment* : 2 
Offset : 16 
1st Codon : 1 

LNSTPTAIPQLGLAANQTGARCLEVSISDG 
CTGAATAGCACACXXIACAGCX!ATTCCCCAACTGGGACTGGCT 

Gene : HC1R 

Segment* : 3 
Offset : 31 
1st Codon : 1 

NQTGARCLBVSISDGLPLSLGLVSLVBNAI* 
AACCAAACCGGAGCCAGATGCCTOGAGGTCAGCATTA^ 

Gene : MC1R 

Segment* : 4 
Offset : 46 
1st Codon : 1 

LFLSLGLVSLVENALVVATIAKNRNLHS P M 

Gene : MC1R 

Segment* : 5 
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Offset : 61 
1st Codon : 1 

VVATIAKNRNLHSPMYCFICCLALSDLLVS 
GTGGTCJGrCCACAATOGCTAAGAATAGGAATCTGCATAGCCCTATGTAT^ 



Gene 
Segments 
Offset 
1st Codon 
Y C P 



MC1R 
6 

76 
1 

ICCLALSD 



L L V S G 



N V 



E T 



I L L L B 



TACTGTTTCATTTGCTCTXrrGGCTCTCT 



Gene : MC1R 

Segments : 7 
Offset : 91 
1st Codon : 1 

GTNVLBTAVI 
GGC»CAAACGTCCTGGAAACCGCTGTGAT 



LLLBAGALVARAAVLQQLDN 



Gene 
Segment# 
Offset 
1st Codon 
G A L V 



: MC1R 



106 
1 

ARAAVLQQL, 



DNVIDVITCSSM 
VTAACGTCATCGATGTGATTACCTGTAGCTCCAT 



h S S L C 



Gene : MC1R 

Segments : 9 
Offset : 121 
1st Codon : 1 

VIDVITCSSML 
GTGATTGACGTCATCACATGCTCCAGCAT 



S S L C F 



LGAIAVDRYIS I F Y 
kTTGCXXTTCGACAGATACATTAGCATTTTCTAT 



Gene : MC1R 

Segments : 10 
Offset : 136 
1st Codon : 1 

FLGAIAVDRYISI FYALRYHS IVTLPRAP R 
LTAGGTATATCTCCATCTTTTACGCTCrcAGATACCATAGC^ 



Gene 
Segments 
Offset 
1st Codon 
A L R Y 



MC1R 
11 
151 
1 

h s r 



L PRAPRAVAAI 



GCCCTCAGGTATCACTCCATCGTCACCC 



F S T L 
CCACCCTC 



Gene : MC1R 

Segments : 12 
Offset : 166 
1st Codon : 1 

AVAAIWVASVV 
GCCGTCGCCGCTATC 



F S 



TLFIAYYDHV 
VTCGCTTACTATGACCAT 



L L C L V 



Gene 
Segments 
Offset 
1st Codon 



MC1R 
13 
181 
1 

FIAYYDHVAVLLCLVVFFLAMLVLMAVLYV 
TTCATTGCCTATTACGATCACGTCGCCGTCCTGCTCTGCCTC^ 



Gene : MC1R 

Segments : 14 
Offset : 196 
1st Codon : 1 

VPPLAMLVLMAVLYVHMLARACQHAQGIAR 
GTGTTrrTCCTX^CCATGCTGGTCCTX» 



Gene : MC1R 

Segments : 15 

Offset : 211 

1st Codon : 1 
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HHLARACQHAQGIARLHKRQRPVHQGFGLK 
CACATGCTGGCTAGGGCTTGCCAACAGGCTCAGG 

Gene : MC1R 

Segments : 16 
Offset : 226 
1st Codon : 1 

LHKRQRPVHQGFGLKGAVTLTILLGIFFLC 
CTGCATAAGAGACAGAGACCCXSTCCACCAAGGCTTTGGCC^^ 

Gene : MC1R 

Segments : 17 
Offset : 241 
1st Codon : 1 

GAVTLTI L L G I FPLCWGPFFLHI#TliIVI#CP 
GGCGCTGTGACACTGAOUVTCCTCCTGGGAATCTTT^ 

Gene : MC1R 

Segment # : 18 
Offset : 256 
1st Codon : 1 

WGPFPLHLTLIVLCPBHPTCGCI PKHPHLF 

TGGGGA a: xr rn TrccrccAccTCAcccTC^ 

Gene : MC1R 

Segments : 19 
Offset : 271 
1st Codon : 1 

E H P T C G C I F KNFNLFLALI I C N A I IDPLIY 
GAGCATCXTCACATGCGGATGCATTTTCAAAAACT^ 

Gene : MC1R 

Segment# : 20 
Offset : 286 
1st Codon : 1 

LALIICNAI IDPLIYAFHSQELRRTLKEVL 
CTGGCTCTGAITATCICTAACGCTATCATTGACC^ 

Gene : NC1R 

Segments : 21 
Offset : 301 
1st Codon : 1 

AFHSQELRRTLKBVLTCSWAA 
GCCTTTCACTCGCAGGAACTGAGAAGGACACXGAAAGA 

Gene : MUC1P 

Segments : 1 
Offset : 1 
1st Codon : 1 

AAMTPGTQS PFFLLLLLTVLTVVTGSGHAS 
GCCXXTTATGACACCCGGAACCCAAAGCCCTTTCTTTC^ 

Gene : MUC1F 

Segments : 2 
Offset : 16 
1st Codon : 1 

LLTVLT VVTGSGHASSTPGGEKETSATQRS 
CTGCTCACCGTCXTGACAGTGG/rCACCGGAAGOGG^ 

Gene : MUC1P 

Segment# : 3 
Offset : 31 
1st Codon : 1 

STPGGEKETSATQRSSVPSSTEKNAVSMTS 
AGCACACCCGGAGGCGAAAAGGAAACCTCCGCCACAC^^ 

Gene : MUC1F 

Segments : 4 
Offset : 46 
1st Codon : 1 

SVPSSTBKNAVSMTSSVLSSHSPGSGSSTT 
AGCGTC<XCTCCAGCACAGAGAAAAACGCTGTGTCC^ 
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Gene 
Segment** 
Offset 
let Codon : 1 
S V L S S 



MOC1P 
5 

61 



HSPGSGSSTTQGQDVTLAPATBPAS 



Gene : MUC1F 

Segment # : 6 
Offset : 76 
1st Codon : 1 

QGQDVTLAPAT EPASGSAATWGQDVTSVPV 
CAGGGACAGGATGTCACACTGGCTCCOOT 

Gene : MUC1P 

Segment* : 7 
Offset : 91 
1st Codon : 1 

GSAATWGQDVT SVPVTRPALGSTTPPAHDV 

rTGCCCTCGGCTCCACCACACCCCCTGCCCATGAC^^ 



Gene : MUC1F 

Segments : 6 
Offset : 106 
1st Codon : 1 

TRPALGSTTPPAHDVTSAPDNKAA 

.TGTGACAAGCGCTCCCGATAACAAAGCCGCT 



Gene : MUC1R 

Segment # : 1 
Offset : 1 
1st Codon : 1 

AANRPALGSTAPPVHNVTSASGSASGSAST 
GCCGCTAACAGACCCGCTCTGGGAAGCACAGCCCCTCCXX5 



Gene : MUC1R 

Segment# : 2 
Offset : 16 
1st Codon : 1 

NVTSASGSASG SASTI*VHNGTSARATTT PA 
AACGTCACCTCC^CCTCXXXXrrCCGCCT 

Gene : MUC1R 

Segments : 3 
Offset : 31 
1st Codon : 1 

LVHNGTSARATTTPASKST PPS I PSHHSDT 
CTGGTCCACAATGGCACAAGCGCTAGGGCTACCACAAC^ 



: MUC1R 
Segment* : 4 
Offset : 46 
1st Codon : 1 
SKSTPFSIPSHH 
&TTCCCTCCCAC 



DTPTTLASHSTKTDASS 



Gene 
Segments 
Offset 
1st Codon 



MUC1R 

5 

61 
1 



P T T h A S 



HSTKTDASSTHH 
ATGCCTCCAGCACACACC 



SSVPPLTSSNHS 



Gene : MJC1R 

Segments : 6 
Offset : 76 
1st Codon : 1 

THHSSVPPLTSSNHSTSPQLSTGV 
ACCCATCACTCXAGCGTCCCCCCTCTGA 



S P F 



h S 



Gene 



MUC1R 
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Segments .* 7 
Offset : 91 
1st Codon : 1 

TSPQLSTGVS FFFLSFHISNLQPHSSLBDP 
ACCTCCCCCCAACTGTCCACCGGAGTtyrCCITCI^^ 

Gene : MUC1R 

Segment# : 8 
Offset : 106 
1st Codon : 1 

FHISNLQFNSSLEDPSTDYYQB L Q R D I S B M 
TTCXATATCKXAACCTCCAGTTTAACTCCAGC^^ 

Gene : HUC1R 

Segment? : 9 
Offset : 121 
1st Codon : 1 

ST DY YQBLQRDI SBMFLQI Y K Q G6 PL6LSN 
AGCACAGACTATTACCAAGAGCTCCAGAGAGACATTAGCGAAAT^^ 



Gene : MUC1R 

Segments : 10 
Offset : 136 
1st Codon : 1 

F L Q I Y K 
TTCCTCCAGA' 



MUC1R 

11 

1S1 



Q G G 



L G L S 



I K F R P 
TAAGTTTJ 




Segments 
Offset 
1st Colon 



K 



FRPGSVVVQLTXiAPRBGTI NV 



H D V B T Q F 
VTGAOGTCGAGACACAGTTT 



Gene \ : MUC1R 
Segments : 12 
Offset : 166 
1st Codon : 1 

FREGTINVHDVETQPNQYKTRAASRYNLTI 
TTCAGAGAGGGAACCATTAACGTCCACX^TGTGGAAACC 

Gene : MUC1R 

Segments : 13 
Offset ; 181 
1st Codon : 1 

NQYKTEAASRYNLTI 
AACCAATACAAAACCGAAGCCGCTAGCAGATACAATCTGACAAT 



S D V 



V S D 



P F P F S A Q 



Gene : HOC1R 

Segments : 14 
Offset : 196 
1st Codon : 1 

SDVSVSDVPFPPSAQSGAGVPGWGIALLVL 
AGCGATGTIOTCOGTGTCCGACGTCCCCTTTCCCTTTA 

Gene : MUC1R 

Segments : 15 
Offset : 211 
1st Codon : 1 

SGAGVPGWGIALLVLVCVLVALAIVYLIAL 
AGCGGAGCCGGAGTtXCTGGCTGGCraCATTGCCCTCCTG 

Gene : MUC1R 

Segments : 16 
Offset : 226 
1st Codon : 1 

VCVLVALAIVYLIALAVCQCRRKNYGQLDI 
GTGTGTGTGCTCXnTSGCTCTGGCTATCGTCTAC 



Gene ; MUC1R 

Segments : 17 
Offset : 241 
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1st Codon : 1 

AV CQCRRKNYGQLDIFPARDTYHPMSEYPT 
GCCGTCTGCCAAltSCAGAAGGAAAAACTATG^ 

Gene : MUC1R 

Segments : IB 
Offset : 256 
1st Codon : 1 

FPARDTYHPMSBYPTYHTHGRYVPPSS TDR 
TTCCCTCCCAGAGACACATACCATCCC^ 

Gene : MUC1R 

Segments : 19 
Offset : 271 
1st Codon : 1 

YHTHGRYVPPSSTDRSPYEKVSAGNGGSSL 
TACCATAOCCATGGCAGATACXTrcCCCCCTAGC 

Gene : MOC1R 

Segment # : 20 
Offset : 286 
1st Codon : 1 

S P Y B KVSAGNGGS S LSYTNPAVAAAS A NLA 
AG<XXrTTACGAAAAGGTCAGCGCTGGCAATGGCGGA^ 

Gene : MUC1R 

Segments : 21 
Offset : 301 
1st Codon : 1 

SYTNPAVAAASANLAA 
AGCrATACCAATCCCGCTGTGGCTGCCX3CTAGCGCTAAC^ 

Segments in scrambled order: 



gplOO #4 

W N R Q L Y PEWTBAQRLDCWRGGQVSLKVSND 
TGGAATAGGCAACTCTATCCCX3AATGGACAGAGGCTCAGA 

TRP2 #6 

PYILRNQDDRBLWPRKFFHRTCKCTGNFAG 
CCCTATATCCTCAGGAATCAGGATGACAGAGAGCT 

Tyros #30 

RNGDF FI S S K DLG YD YS Y L Q D S DPD S F QDY 
AGGAATGGCGATTTCTTTATCTCCAGCAAAGACXTC^ 

TRP-1 #1 

A A P A F LTWHRYHIiIiRLBKDMQBMLQBP SFS 
GCCGCTCCXJGCTTTCCTCACCTGGCACAGATACCAT^ 

Tyros #29 

GHNRBSYMV P F IPLYRNGDFFI SSKDLGYD 
CK5CCATAACM5AGAGTCCTACATGGTGCCTTTCATTCC 

TRP2 #16 

LLCLBRDLQRLIGNBSFALPYHNFATG RHB 
CTGCTCTGCCTCGAGAGAGACCTCCAGAGACTG^ 

gplOO #23 

TTBVVGTTPGQAPTABPSGTTSVQV PTTBV 
ACCACAGAGGTCG?IXKX3AACCACACC^ 

MUC1R #9 

STDYYQELQRDIS EMFLQIYKQGGF L G I*SN 
AGCACAGACITVTTACCAAGAGCTCCAGAGAGACa 

gplOO #36 

ACHBX SS PGCQPPAQRLCQPVLPSPACQLV 
GCCTGTATGGAAATCTCCAGCCCTGGCTGTCA^ 

TRP2 #31 

DQLGY SYAI D LPV SVBBTPGWPTTL LV VMG 
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GACCAACTGGGATACTCCTACGCTATCGAT 



ATGGGA 



TRP-1 #7 

TEDGPIRRNPAGNVARPMVQRLPEPQDVAQ 

ACCGAAGACGGACCCaTTAGGAGAAACCCTGCOSGAAACGTCGC^ 

TRP2 #3 

CMTVDSLVNKECCPRLGABSANVCGSQQGR 
TGCATGACCGTCGACTCCCTGGTCAACAAAG^ 

MUC1R #13 

NQYKTBAAS RYNLTISDVSVSDVPFPP SAQ 
AACCAATACAAAACCGAAGCCGCTAGCAGATACAATCTGACM 



TRP2 #1 

AAMSPLWWG PLLSCLGC 



K I 



GAQGQF PR 



gplOO #18 

ADLSYTWDFGDSSGTLISRALVVTHTYLEP 
GCCGATCTGTCCTACACATGGGATTTCGGAGACT^ 

gplOO #27 

LABMSTPBATGMTPAEVSIVVLSGTTAAQV 
CTGGCTXSAGATGAGCACACCCGAAGCCACAGGCATGACCr 



MUClR r -#ilT 
I 

ATCAAA* 



%\w R 



PGSVVVQLTLAFREGT I N V H D V B TQ F 
TCGTGGTCCAGCTCACCCTCGCCTTTAGGGAAGGCA 



MUC1F #7 

GSAATWGQDVTSVPVTRPALGSTTPPAHDV 
GGCTCCGCCGCTACCTGGGGCCAAGACGTCACCTCCGTC 

MC1R #16 

LHKRQRPVHQGFGLKGAVTLTI LLGIFFLC 
CTGCATAAGAGACAGAGArcCGTCCACCAAGGCTTTGGC 

MC1R #20 

LALIICNAI IDPLIYAFHSQBIfRRTLKEVL 
CTGGCTCTGATTATCTGTAACGCTATCATT^ 

TRP2 #7 

K F F HRTCKCTGNFAGYMCGDCKFGWTGPNC 
AAGTTTTTCCATAGGACATCXZAAATGCACAGGCAAT^ 



TRP2 #23 
LSLQKFDN 



P PFFQKSTFSFRNAI*BGFDKAD 
iTAGCACATTCTCCTTCAGAAACGCTCTGGAAGGCTTTGAC^ 



MUC1R #4 

SKSTPFSIPSHHSDTPTTI*ASHSTKTDASS 

ATAGCGATACCCCTACCACACTGGCTAGCCATAGCACAAAGACA 



MUC1R #1 

A A N R 
GCCGCTAAC 



PALGSTAPPVHNVTSASGSASGSAST 

^TGTGACAAGCGCTAGGGGAAGCGCTAGCGGAAGCGCTAGCACA 



TRP2 #21 

CNGTYBGLLRRNQMGRMSMKLPTLKDIRDC 
TGCAATGGCACATACGAAGGCCTCCTGAGAAGGAATCAGATGGGCA 



MUC1R #6 
T H H 
ACCCAT 



V P P L T S 



HHSTSPQLSTGVS 
TAGCACAAGCCCTCAGCTCAGCACAGGCGTC 



F F F L 



MC1R #13 

FIAYYDHVAVLLCLVVFFLAMLVLMAVLYV 
TTCATTGCCTATTACGATCACGTCGCCGTCCTG 



Tyros #16 
K L T G D B 



FTIPYWDWRDAEKCDICTDBYMG 
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AAGCTCACCGGAGA(XAAAACTTTACCATTCCCTATTGGGATTGGAGA 
gplOO #32 

LRLVKRQVPLDCVLYRYGSFSVTLDIVQG I 
CTGAGACTG6TCAAGAGACAG6TCCCCCTCGACTGTGTC 

MUC1R #10 

PLQIYKQG GPL GLSNIKPRPGSVVVQLTLA 
TTCCTCCAGATTTACAAACAtSGGAGGCTTTCTC 

MC1R #9 

VIDVITCSSMLSSLCPLGAIAVDRYISIFY 
GTGATTGAOGTCATCACATGCTCCAGCATGClXntrC^ 

Tyros #21 

RNPGNHDKSRTPRLPSSADVBFCLSLTQYB 
AGGAATCCCWGAAACCATGACAAAAGCAGAACCCCTAGG^ 

TRP-1 #14 

PDBWLRRYNADISTFPLBNAPIGHNRQYNM 
TTCGATGAGTGGCTGAGAAGGTATAACGCTGACATTAGCACAT^ 

gplOO #39 

GTCTCCCTGGCTGA TNSI,AVVSTQLIMPG Q BAGLG Q VPL 
gplOO #20 

G TA Q vvr *QAAI PLTSCGSSPVPGTTDGH 

GGCCCTGTGACAGCCCAAGTGGTCCTGCAAGCrc 

Tyros #8 

K F G P W GPNCTBRRLLVRRNI FDLSAPEKDK 
AAGTTTGGCTTTTGGGGACCCAATTGCACAGAGAG^ 

gplOO #13 

LG THTMBVTVYHRRGSRSYVPLAHSSSAPT 
CTCGGAACCCATACCATGGAGGTCACCGT^ 

MC1R #12 

AVAAIWVASVVFSTI»F1AYYDHVAVLLCI#V 
GCCGTCGCCGCTATCTGGGTGGCTAGCGTCGTG^ 

TRP2 #25 

GTLDSQVMSLHMLVHSFLNGTHALPHSAAH 
GGCACACTGGATAGCCAAGTGATGAGCCTCCACAATCTGGTC 

HART #4 

C C W YCRRRWGYRALMDKSLHVGTQCALTRR 
GGCTGTTGGTATTGCAGAAGGAGAAACGGATACAGAGCCCTC^ 

Tyros #15 

P W H R L F L LRWBQKIQKLTGDBNPTIPYWDW 
CCCTGGCACAGACTGTTTCTGCTCAGGTGGGAGCAAGA 

MC1R #1 

A A M A V QGSQRRLLGSLNSTPTAI P Q L G L A A 
GCCGCTATGG<n«TGCAAGGCTCCCAGAGAAGG 

MC1R #S 

VVATIAKNRNLHSPMYCFICCLALSDLLVS 
GTGGTCGCCACAATCGCTAAGAATAGGAATCTGCATAGCCCrATGTA 

Tyros #25 

QSSMHNALH I YMNGTMSQVQG SAHDPI FL1* 
CAGTCCAGCATGCACAATGCCCTCCACATTTACATGAACGGA 

Tyros #1B 

GQHPTNPNLLSPASFFSSWQIVCSRDBBYH 
GTCOUKaCCCTACCAATCCCAAT^^ 

KC1R #6 

YCPICCLALSDLLVSGTNVLBTAVILLLBA 
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TACTGTTTOVTTTC^rrGTCr^ 
TRP2 #19 

DPTLISRNSRFSSWBTVCDSLDDYNHX.VTL 
GACCCTACCCTCATCTCCAGGAATAGCAGATTCTCCAGCT 

MUC1F #8 

TRPALGSTTPPAHDVTSAPDNKAA 
ACCAGACCCGCTCTGGGAAGCACAACCCCTCCCGCTC 

Tyros #17 

RDAEKCDI CTDBYMGGQHPTNPNLLSPAS F 
AGGGATGCCGAAAAGTGTGACATTTGCACAGACGA^^ 

gplOO #17 

TF A LQLHDPSGYLABADLSYTWDFGDSSGT 
ACCTTTGCCCTCCAGCTCCACGATm^ 

Tyros #22 

SSADVBFCLSLTQYBSGSMD KAANFSFRNT 
AGCTCOGCCGATGTGGAATTCTGTCTXn'CCCTGACACAGTATGA 

9P100 #6 

G P XL I G A N A S F S 1 A L N F P G S Q K V L P D 6 Q V I 
GGCCCTACCCTCATCGGAGCCAATGCCTCCTTCTCCATCGCTCT 

MC1R #1B 

W G P J x_ F .__ F LHLTL I VLCPEHPT CGCIFKNFNLF 
TGGGGACCCTTTTTCCTCCACXTCACCCrCATCCT 

Tyros #7 

CQCSGNFHGFNCGNCKFGFWGPNCTBRRLI* 
TGCO^TGCTCCGGCAATrrCATGGGCTTTA 

TRP2 #34 

QYRRLRKGYTPLMETHLSSKRYTBBAAA 
CAGTATAGGAGACTCAGAAAGGGATACACAC<XCT^ 

TRP-1 #15 

PLBNAPIGHNRQYNMVPFWP PVTNTEM FVT 
CCCCTGGAGAATGCCCCTATGGGACACAATAGGCAATACAATATGGTCCCCTTT^ 

gpioo #7 

N F P GSQKVLPDGQVIWVNMT I INGSQVWGG 
AACTTTCCCGGAAGCCAAAAGGTCCTGCCTGACGGACAGG^ 

gplOO #22 

RPTABAPNTTAGQVPTTBVVGTTPGQAPTA 
AGGCCTACCGCTGAGGCTOXAATACCA^^ 

MUC1F #3 

STPGGBKBTSATQRSSVPSSTBKNAVSMTS 
AGCAGACCGGGAGGCGAAAAGGAAACCTCGGCCACACAGAGAAGCT 

gplOO #42 

LIYRRRLMKQDFSVPQLPHSSSHWI.RLPRI 
CTGATTTACMSAAGGAGACTGATGAAGCAAGACT^ 

TRP2 #12 

LGLLGPNGTQPQFANCSVYDFFVMLHYYSV 
CTGGGACTGCTCGGCCCTAACGGAACCCAACCCC^TTCG^ 

TRP-1 #9 

CLEVGLFDTPPFYSNSTNSFRNTVBGYSDP 
^CTCGAGGTOSGCCTnCTK^TACCCXT^^ 

gpioo #1 

AAMDLVLKRCLLHLAVIGALLAVGATKVPR 
GCCGCTATGGATCTGGTCCTGAAAAGGTGTCTXXTTCCA 

MC1R #3 

MQTGARCLBVSISDGLFLSLGLVSLVBHAL 



Figure 27 (Cont) 



WO 01/090197 



PCT/AU01/00622 



173/216 

AA(XAAACCGGAGCCAGATGKCT^^ 
Tyros #23 

SGSMDKAANPS PRNTLBG FASP LTG I A D A S 
AGCGGAAGCATGGACAAAGCCGCTAACTTTAGCTTTAGGAATACCCT 

Tyros 84 

SPCGQLSGRGSCQNILLSNA PLGPQPP FTG 
AGCCCTTGCGGACAGCTCAGCXSGAAGGGGAAGCTGTC^^ 

Tyros #13 

MHYYVSMDALLGGSEI WRDI DFAHBAPAFL 
ATGCATTACTATGTGTCCATGGATGCCCTCCTGGGAGGCT 

Tyros #35 

KBKQPLLMBKBDYHSLYQSH I* A A 
GAGGAAAAGCAACCXCTCCTGATGGAGAATUSAGGATTACCATAG CCTCTACCAAAGCCATCTGGCTGCC 

TRP2 #5 

GQCTEVRADTRPWSGPYI LRNQDDRELW PR 
GGCCAATCCACAGAGGTCAGGGCTCACACAAGG^ 

MUC1P #4 

SVPSSTBKNAVSMTSSVLSSHSPGSGSSTT 
AGCGTCCCCTCCAGCACAGAGAAAAACGCTGTC 

Tyros #12 

TPMP NDIN IYDLFVWMHYYVSMDALLGGSE 
ACCXXTTATGTTTAACGATATCAATATCTATGACCTC^ 

gpioo #9 

QPVYPQETDDACIPPDGGPCPSGSWSQKRS 
CAGCCTGTGTATCCCCAAGAGAOUSACX^TG^ 

TRP-1 #6 

DSLBDYDTLGTLCNSTEDGPIRRNPAGNVA 
GACTCCCKXSAAGACTATGACACACTGGGAAC^ 

gplOO #8 

HVNNTI IKGSQVWGGQPVYPQBTDDAC I FP 
TGGGTCAACAATACCATTATCAATGGCTCCCAGGTCTGGGGAGGCCA^ 

MART #7 

QBKNCBPVVPNAPPAYBKLSAEQSPPPYSP 
gplOO #14 

SRSYVPLAHSSSAFTITDQVPFSVSVSQLR 
AGCAGAAGCTATGTGCCTCTGGCTCACTCCAG 

TRP-1 #2 

LBKDMQEMLQBPSFSLPYWNFATGKNVCDI 
CTCGAAAAGGATATGCAAGAGATGCTGCAAGAGCCTAG 

HTBM FVTAPDNLGYTYBAA 
ATGTTCGTCACCGCTCCCGATAACCTOGGCTATACCTATC 

TRP2 #13 

CSVYDFFVHLHY YSVRDTLLGPG R P Y R A ID 
TGCTCCGTGTATGACTTTITCGTCTtjGCTCCACTA 

Tyros #9 

VRRNIFDLSAPEKDKFFAYLTLAKHTI SSD 
GTGAGAAGGAATATCTTTGACCTCAGCGCTCCCGA 

MART #2 

KKGHGHSYTTABBAAGIGILTVI 
AAGAAAGGCGATGGCCATAGCTATACCACAGCCGAAGA 

gplOO #11 

PVYVWK.TWGQYWQVLGGPVSGLS IGTGRAM 
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TTCGTCTACCTCTGGAAAACCTGCX3GC 
gplOO #12 

GGPVSGLS IGTGRAMIiGTHTMBVTVYHRRG 
GGOGGACCCGTCAGOGGACrGTCCATCGGAACCCWAAGGGCT 

gplOO #25 

I STAPVQMPTABSTGMTPEKVPVSBVMGTT 
Tyros #19 

F S S W Q I V C SRLBBYNSHQSLCNGTPBGPLR 
TTCTCCAGCTGGOVGATTGTGTGTAGCAGACTGGA 

TRP2 #27 

° P 1 P V V L H S F T D A IP DBWMKRFNPPADAWP 
GACCCTATCTTTGTGGTCCTGCATAGCTTTACO^ 

MC1R #15 

H M h A R A C QHAQGIARLHKRQRPVHQGFGLK 

cacatgctggctagggcttgccaacacxscto^ 
mdcif #2 

LLTVLTVVTGSGHASSTPGGEKBTSATQRS 
CTGCTCACCGTCCTGACAGTGGTCACCGGAAGCGGACACGCTA^ 

gplOO #44 

FCSCP IGBN S PLLSGQQVAA 
TTCTGTAGCTGTCCCATTGGOGAAAACTCCCCCCTC 

TRP2 #24 

TFSPRNAIiBGPDKADGTIfDSQVMSLHNLVH 
ACCTTTAGCTTTAGGAATGCCCTCGAGGGATC^ 

Tyros #20 

SHQSLCHGTPEGPLRRN PGNHDKSRTPRL P 
AGCCATCAGTCCCTGTGTAACGGAACCCCTGAGGG^ 

TRP2 #30 

PPPPPVTMEBLFLTSDQLGYSYAIDLPVSV 
CCCTTTTTCCCTCCCGTCACCAATGAGGAACTC 

TRP2 #9 

KRKKPPVI RQNIHSLSPQBRBQF L G A L D L A 
GAGAGAAAGAAACCCCCTGTGATTAGGCAAAACATTCACTCCCT 

TRP2 #29 

QBLAP IGHNRMYNMVPF FPPVTNBE I* F L T S 
CAGGAACTGGCTCCCATTGGCCATAAO^GAATGTATAACATGG 

gplOO #28 

B V S I V VLSGTTAAQVTTTBWVBTTARBLPI 
GAGGTCAGCATTGTGGTCCTGTCCGGCACAACXSXrrGC 

MUC1R #7 

TS PQLSTGVSFFFLSFH ISNLQFNSSLBDP 
ACCTCCCCCCAACTGTCCACCGGAGTGTCCTTCTT^ 

MOC1R #19 

YHTHGRYVPPSSTDRSPYBKVSAGNGGSSL 
TACCATACCCATGGCAGATACGTCCCrCCT^ 

MC1R #4 

J* P I* S I» G L V S L V B N A X. V V A T I A K N R H I* H S P M 
CTGTrTCTGTCCCTGGGACTGGTa^^ 

TRP2 #26 

SFLNGTNALPHSAAHDP I F VVLHSFTDAI F 
AGCTTTCTGAATGGCACAAAGGCTCTGCCTCACTCCGC^ 

MUC1R #17 

AVCQ'CRRKNYGQLDI FPARDTYH PMSBYPT 
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GCCGTCTGCCAATGQUSAAGGAAAAACTATGGC^ 
MC1R #14 

VFFLAMLVfcKAVLYVHMLARACQHAQGIAR 
GTGTnTTCCTCGCCATGCTGGTCCTGATGGCCGTCCTC 

TRP-1 #10 

STNSFRNTVBGYSDPTGKYDPA VRSLHNLA 
AGCACAAACTCCTTCAGAAAOICAGTGGAAGGCTATAGCGAT 

TRP-1 #3 

I» P Y W N P ATGKNVCDICTDDLMGS RSNFDST 
CTGCCTTACTGGAACrrTTGCCACAGGCAAA 

gplOO #15 

ITDQVP PSVSVSQLRALDGGNKHPLRNQPL 
ATCACAGACCAAGTGCCTTTCTCCGTGTCC 

MUC1R #8' 

PHI SNLQFNSSLBDPSTDYYQBLQRDISBM 
TTCCATATCTCCAACCTCCAGTTTAACTCCAGCCTCGAGGATCCCT 

MUC1R #20 

SPYEKVSAGNGGSSLSYTWPAVAAASANLA 
AGCCCTTACGAAAAGGTCAGCGCTGGCAATGGCGGAAGCrcCCTO 

Tyros #11 

YVI PIGTYGQHKNGSTPMFNDINIYDLFVW 
TACGTCATCCCTATCGGAACCTATGGCCAAATGAAAAACGGAAGCACA^ 

gplOO #37 

RLCQPVLPSPACQLVLHQIfcKGGSGTYCLN 
AGGCTCTGCCAACCCGTCCTGCCTAGCCCTGCCTGTC^ 

gplOO #33 

RYGSFSVTLDIVQGIESAEILQAVPSGEGD 
Tyros #27 

H H A F VDSIPBQWLQRHRPLQEVYPBANAPI 
CACCATGCCTTTGTGGATAGCATTTTCGAACAGT^^ 

TRP-1 #4 

CTDDLMGSRSNFDSTLISPNSVFSQWRVVC 
TGCACAGACGATCTGATGGGCTCCAGGTCCAACTT^ 

MUC1R #18 

FPARDTYHPMSEYPTYHTHGRYVPPSSTDR 
TTCCCTGCCAGAGACACATACCATCCCATGAGCGAATACCCTACCTATCA 

MUC1R #21 

SYTNPAVAAASANLAA 
AGCTATACCAATCCOGCTGTGGCTGCCGCTAGCGCTAACCTCG(XXXrT 

NC1R #19 

BHPTCGCIFKHFNLFLALI ICNAIIDPLIY 
GAGCATCCCACATGCGGATGCATTTTCAAAAACTTTA^ 

Tyros #26 

MSQVQGSANDPIFLLHHAFVDSI PEQWLQR 
ATGTCCCAGGTCCAGG^AAGCGCTAAC^TCCCATTTTCCT 

TRP2 #22 

RNSMKLPTLKDIRDCLSLQKFDNPPFFQNS 
AGGAATAGCATGAAGCTCCCCACACTGAAAGACATT^ 

gplOO #19 

LISRALVVTHTYLBPGPVTAQVVLQAAI PL 
CimTTAGCAGAGCttrrCGTGGTCACCCA^ 

TRP2 #17 

SFALPYMNFATGRNBCDVCTDQLFGAARPD 
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AGCTTTGCCCTCCCCTATTGGAATTTCGC^^ 
gplOO #2 

VIGALLAVGATKVPRNQDWLGVSRQLRTKA 
GTGATTGGCGCTCTCCKXXrC^^ 

gplOO #16 

ALDGGNKHFLRNQPLTFALQLHDPSGYLAB 
GCCCTCGACGGAGGCAATAAGCATTTCCTCAGGAATCAGCCTCTGACA 

TRP2 #18 

C P V C TDQL FGAARPDDPTLI SRNSRFSSW E 
TGCGATGTGTGTACTGATCAGCTCTTCGGAGCCGCTAG^ 

MART #1 

AAMPREDA H P IYGYPKKGHGHSYTTABBAA 
GCOGCTATGCCTAGGGAAGACGCTCACTTTATCTATGGCTATC^ 

TRP-1 #11 

TGKYDPAVRSLHNLAHLFLMGTGGQTHLSS 
ACOGGAAAGTATGACCCTGCCGTCAGGTCCCTGCATAACC^ 



MUC1R #14 

S D V S V 
AGCGAT 



DVPFPFSAQSGAGVPGWGIALLVL 
yrCCCCTTTCCCTTTAGCGCTCAGTCCGGOGCTG 



TRP2 #10 

S P Q E R E Q F LGALDLAKKRVHPDYVITTQHW 
AGCCCTCAGGAAAGGGAACAGTTTCTGGGAGCCCTCGAC^^ 

Tyros #10 

1PF A YLTLAKHTZ SSDYVI PIGTYGQMKNGS 
TTCTTTGCCTATCTGACACTGGCTAAGCATACCATTAGCT^ 



MC1R #7 

GTNVLETAVI 
GGCACAAACGTCCTGGAAACCGCTGTGAT 



LLLBAGALVARAAVLQQLDN 



MUC1R #16 

VCVLVALAIVYLIALAVCQCRRKNYGQLDI 
GTGTGTGTGCTroTGGCTCTGGCTATCGTCT 

MART #6 

C P Q B G F DHRDSKVSLQBKNCBPVVPHAPPA 
TGCOCTCAGGAAGGCTTTGACCATAGGGATAGCAAAGTGTC 



MUC1F #5 
S V h S S 



H S P G 



G S 



TTQGQDVTLAPATBPAS 



TRP2 #28 

DBWMKRFNPPADAHPQBLAPIGHNRMYN^MV 

GACGAATGGATGAAGAGATTCAATCCCCCTGCCGATGCCTGGCCCCAAGA 

MC1R #21 

A F HSQBLRRTLKEVLTCSWAA 
GCCITTCACTCCCAGGAACTGAGAAGGACACTGAA 



RDLQRLIGMB 
MPCTGCAAAGGCTCATCGGAAACGAA 

TRP-1 #8 

RPMVQRLPBPQDVAQCLBVGLPDTP PFYSN 
AGGCCTATGGTCCAGAGACTGCCTGAGCXrrCAGGATG^ 



TRP-1 #13 
Q D P I F 

CAGGATCCCAT 



l>IfHT FTDAVPDEWLRRYNADI STF 
ATTCACAGACGCTGTGTTTGACGAATGGCTCAGGAGAT^ 



TRP2 #4 
L G A 



ESANVCG SQQGRGQCTBVRADT RPWSG 
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CTGGGAG<X£AAAGCGCTAACGTCTGCGGAAGCC^ 
TRP2 #8 

YNCGDCKPGWTGPNCBRKKPPVIRQNIHSL 
TACAATTGCGGAGACTGTAAGTTTGGCTGGAC^ 

TRP-1 #12 

HLFLNGTGGQTHL.SSQDPI FVLLHTFTDAV 
CACCTCTTCCTCAAOGGAACCGGAGGCCAAACCCMCT^^ 

Tyros #34 

GLVSLLCRHKRKQLPBEKQPLLMBKEDYH S 
TRP2 #2 

G C KILPGAQGQFPRVCMTVDSLVNKECCPR 
GGCTGTAAGATTCTX3CXrTGGCGCTCAGGGACA^ 

gplOO #43 

QLPHSSSHWLRLPRIPCSCPIGBNS P L L S G 
CAGCTCCCCCATAGCTCCAGCCATTGGCTCAGGC^ 

gplOO #10 

DGGPCPSGSWSQKRSPVYVWKTWGQYWQVL 

GACGGAGGCCCTTGCCCTAGCGGAAGCTCGAGCCAA 

gplOO #3 

NQDWLGVSRQLRTKAWNRQLYPEWTEAQR I* 
AACCAAGACTGGCTGGGAGTGTCCAGGCAACTGAGAACCAAA^ 

Tyros #14 

IWRDIDFAHBAPAFLPWHRLFLLRWBQEI Q 
ATCTGGAGGGATATCGATTTOGCTCAOGAAGCCCClt X XrrriO 

MUC1P #1 

AAMTPGTQS PFFLLI*LLTVLTVVTG SGHAS 
GCCGCTATGACACCCXSGAACCCAAAGCCXrrTTCTT^ 

MART #5 

DKSLHVGTQCALTRRCPQEGFDHRDSKVS I# 
GACAAAAGCCTCCACGTCGGCACACAGTGTGCCCTCACCAG^ 

MUCXR #2 

NVTSASGSASGSASTLVHNGTSARATTTPA 
AACGTCACCTCCGCCTCCGGCTCO^ 

Tyros #24 

L B G F ASPLTGIADASQSSMHHALHI YMNGT 
CTGGAAGGCTTTGCCTCCCCCCTCACCG 

TRP2 #14 

RDTLLGPGRPYRAIDFSHQG PAFVTWHRYH 
AGGGATACCCTCCTGGGACCCGGAAGGCXnTACAGAGCCAT^ 

Tyros #1 

AAMLIiAVLYCLLWSFQTSAGHFPRACVSS K 
GCCGCTATGCTCCTGGCTGTGCTCTACTGTCT^ 

gplOO #35 

A P E LTVSCQGGLPKBACMEI SSPGCQPPAQ 
GCCl'lTUAGJCTC^CCXrrCAGCTGTCAGGGAGGCCTCCC 

Tyros #6 

VDDRBSH PSVFYMRTCQCSGNPMGPNCGNC 
GTGGATGACW3AGAGTCCTGGCCTAGCGTCTTCT 

gplOO #34 

BSABI LQAVPSGBGDAFELTVSCQGGLPKB 
GAGTCCGCCGAAATCCTCCAGGCTGTGCCTAGCGGAGAGGGAGA 

TRP2 820 

TVCDS LDDYNHLVTLCNGTYBGLLRRHQMG 
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ACCGTCTGCGATAGCCTCGACGAT^ 
Tyros #5 

LLSNAPLG PQP PFTGVDDRBSW PSVFYNRT 
CTGCTCAGCAATGCCCCTCTGGGACCCCAATTCCCTTTC^ 



gplOO #41 

IVGILLVLMAVVLASLIYRRRLMKQDFSVP 
ATOGTCGGCATTCTGCTCGlt^CTCATG 

MART #3 

GIGILTVI LGVLLLIGCWYCRRRNGYRALM 
GGCATTGGCATTCTGACAGTGATTCTGGGAGTGCTC 

Tyros #31 

YSYLQDSDPDSPQDYI KSYLBQASRIWS WL 

TACTCCTACCTCCAGGATAGCGATCCCX^ 

MUC1P #6 

QGQDVTLAPATB P ASGSAATWGQDVTSV PV 
CAGGGACAGGATGTGAC^CTGGCTCCCGCTACCGAACCCGCTAG 

gplOO #21 

TSCGSSPVPGTTDG HRPTABAPNTTAGQVP 
ACCTCCTGCGGAAGCTCCCCCGTCCCX^AACCACAG^ 

MDC1R #3 

LVHNGTSARATTTPASKSTPFSI PSHHSDT 
TRP2 #32 

BBTPGWPTTLLVVMGTIiVALVGI.PVI.LAPL 
gplOO #29 

TTTENVBTTARBLPIPEPEGPDASSIMSTE 
ACCACAACCGAATGGGTCGAGACAACCGCrAGGGAACrrcCCT 

MC1R #17 

GAVTLTILLGI PPLCWGPPFLHLTLIVLCP 
GGOGCTGTGACACTGACAATCCTCCTCGGAATCTT^ 

Tyros #33 

LGAAMVGAVLTALLAGLVS LLCRH KRKQLP 
MC1R #8 

GALVARAAVLQQLDNVIDVITCS SMLSSLC 
GGOGCTCTGGTCGCCAGA^CCGCTGTGCTCCAGCAACTGGATAA 

gplOO #26 

MTPBKVPVSBVMGTTLABMSTPBATGMTPA 
ATGACACCCGAAAAGGTCCCCGTCAGCGAAGTGATGGG 

Tyros #2 

QTSAGHFPRACVSSKNLMBKECC PPWSGDR 
CAGACAAGCGCTGGCCATTTCCCTAGGGCTTGCGTCAG 

MC1R #11 

ALRYHS IVTLPRAPRAVAAIWVASVVFSTL 
MUC1R #12 

FREGTIHVHDVBTQPNQYKTEAASRYNLTI 
TTCAGAGAGGGAACCATTAACGTCCACGATGTGGAAACTC 

Tyros #3 

NLMBKECCPPWSGDRS PCGQLSGRGSCQNI 
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AAOTCATGGAAAAGGAATGCTGTC^ 
Tyros #32 

IKSYLBQASRIWSWLLGAAMVGAVLTALLA 
ATCAAAAGCTATCTGGAACAGGCTAGCAGAATCTGGAGCTO 

MUC1R #5 

PTTLASHSTKTDAS STHHSSVPPLTSSNH S 
CCCAC^CCCTCX5CCTCCCACTCX»CCAAAACCGATG^ 

MUC1R #15 

SGAGVPGWGIALLVLVCVLVALAIVYLIAL 
AGCX!X5AGC£GGAGTGCCTGGCTGGGGCATTG 

MC1R #10 

PLGAIAVDRY IS I F Y ALRYHSIVTLPRAPR 
TTCCTCGGOGCTATCXKTTGTGGATAGGTATATCTCC^^ 

gplOO #40 

ItlMPGQEAGLGQVPLlVGX LLVLMAVVLAS 
TRP2 #33 

TLVALVGI»FVI*LAPLQYRRIjRKGYTPLMBT 
ACCXTOSTGGCTCTGGTCGGCCT^ 

TRP-1 #5 

LISPNSVFSQWRVVCDSLBDYDTLGTLCNS 
CTGATTAGCCCTAACTCCXnXSTTTAGCCAATGGAGAGT^ 

MC1R #2 

LNSTP TAI PQLGLAAHQTGARCLBVSISDG 
CTGAATAGCACACCCACAGCCATTCCCCAACTGGGACTGG 

Tyros #28 

HRPLQEVYPEANAPIGHNRESYMVPFIPLY 
CACAGACCCCTCCAGGAAGTGTATCCCGAAGCCAATG 

gplOO #24 

BPSGTTSVQV PTTBV I S T A P . V Q M PTABS TG 
GAGCCTAGCGGAACCACAAGCGTCCAGGTCCCCACAACCGAAGTGAT^ 

TRP2 #11 

K K R V H P D Y V I TTQHWLGLLG PNGTQPQFAN 
AAGAAAAGGGTCCACCCTGACTATGTGATTACCACACA^ 

gplOO #38 

LHQILKGGSGTYCLNVSLADTNSLAVVSTQ 
CTGCATCAGATTCTGAAAGGCGGAAGCGGAACCTATTG^ 

gplOO #30 

PBPBG PDASS IMSTES ITGS LGPLLDGTAT 
CCOGAACCCGAAGGCCCTGACGCTAGCTCCATCATGAGCACAGA 

gplOO #31 

SITGSLGPLLDGTATLRLVKRQVPLDCVLY 
AGC^TTACCGGAAGCCTCGGCCCTCTGCTCX^CGG 

gplOO #5 

P CW RGG QV S L K VSMDGPTLIGANASFSIAL 
GACTGTTGGAGAGGCGGACAGGTCAGCCTCAAGGTCAG 

Synthetic Protein: 

WNRQLYPEWTBAQRIX>CWRGGQVSIJCVSND^ 

HRYHUJUjBKDMQBMLOBPSFSGHNRBSYHVPFT PLYRNGDFFI S^KDLGYDLLCLERDIjQRLIGNESFALPYWNFATGRNBTT^^ 

PSGTTSVQVPTTBVSTDYYQBI^RDISEMFLQira 

IAVVMGTRIX3PIRRNPAGNVARPMVQRU>BPO^^ 

MSPLWWGPLLSCIXK^IiPGAQGQFPRVADLSYTNDF 

QLTLAFRBGTINVHDVBTQFGSAATWGQDW 

SQBIJ^TIJCBVIJCFFHRTCKCTGNFAGYNCGDCKFGWTC 

DASSAANRPALGSTAPPVHNVTSASGSASGSASTCNGT^ 
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YDHVAVLLCLVVPFIJUttVLMAVbYVKLTGDENFT I PYWDWRDAEKCDI CTDBYMGLRLVKRQVPLDCVLYR YGS PSVTU) I VQG I FLQI YKQGGFLG 
LSNIKPRPGSVVVQLTIAVIDVITCSSMLSSI^FIX3AIAVDRYISIPYRNPGNHD^ 

P IGHNRQYNMVSLAOTNSLAWSTQLIMPGQB^ PLTSCGSS PVPGTTDGHKFGFWGPNCTBRRLLVRRNI FDLSAPEK 

DKfcGTHTMBVTVYHRRGSRSYVPIJVHS^ 

RIUJGYPJVLMDKSLHVGTQCALTRRPWHRLPLLRWEQBIQKL 

MYCTICCUVIOTU>VSQSSMHNAI^IYMNGTMSQV^ 

AVI LLIiBAD PTLI SRNSRFS SWF/IVCDSLDDYNHLVTLTRPAI/3STT PPA^ I CTDE YMGGQHPTNPNLLSPASFTFALQL 

HDPSGYLABADI^YTWDFGDSSGTSSADVEFCI^LTQYESGSMD^ 

PEHPTCGCIFKNFNLPCG^SGNFMGFNCGNCKFGFWGPN^ 

TBMFVTNFPGSQKVLPIXSQVIWVNNTIINGSQV^ 

YPJUUj^QDFSVPQLPHSSSHWIJU^PRIIXSI^P 

IJJCAV1GAI*IiAVGATKVPRNQTGARCI<EVSISDG 

NAPI/5PQFPFTGMHYYVSMDAUX3GSBIinUOT 

SSTBKNAVSMTSSVLSSHSPGSGSSTTTPMPllDINIYDIiFVWMHYW 

LCNSTKDG PIRRNPAGNVAWVNNT I INGSQVWGGQPVYPQETDDACI FPQEKNCEPVVFNAPPAYEKLSABQS PPPYSPSRSYVPIAHSSSAFTITDQ 
VPFSVSVSQUiLEKDMQEMLQBPSFSLPYWNFATGKNVOT 

VRRN I FDLSAPBKDKPPAYLTLAKHTI S SDKKGHGHS YTTAE EAAG IG I LTVT LGVLLLI PVYVWKTWGQYWQVLGG PVSGLS IGTGRAMGGPVSGLS 
IGTGRAMIiGTHTMEVTVYHRRGISTAP^WOT 

EWMKRFNPPADAWPHMLARACQHAQG I ARliHKRQRPVHQGFXSIiKLLTVLTVVTG SGHASST E>GGEKETSATQRSFCSCP IGENSPLLSGQQVAATPS F 
RNAIiBGFDKAIXnTiDSQVMSLHNLVHSH^ 

HSLSPQBREQFl/SALDIAQBIAPIGHNRMYNMVPPFPPVTNEBIiPLTSB^ 
LQFNSSLEDPYHTHGRYVPPSSTDRSPYEKVSAGNG^ 

I FAVCQCRRKNYGQLD I FPARDTYH PMSF^PTWFIiAMLVLMAVLYVH^ IARSTNS FRNTVEGYSD PTGKYDPAVRS LHNLALP YWNF 

ATGKNVCDICTDDLMGSRSNFDSTITDQVPFSVSVSQ 

LS YTN PAVAAA S ANLA YVT PIGTYGQMKNGSTPMFNDINIYDLFVWRLCQPVLPSPACQLVIiHQIUCGGSGTYCLNRYGS PSVTLDIVQGIESABILQ 
AVPSGEGDHHAFVDSIFEQWLQRHRPLQKVTYPEANAPIC^ 

NPPPFC^SLISRALVVTHTYI^PGPVTAQVVI^^ 

AUXXnnCHFUWQPLTFAltiLHDPSGYlJ^ 

^LHNIJan*FI^GTGGCyrai^SSDVSVSDVPFPPSA<^ 

VIPIGTYGQMKNGSGTNVIJnftVILIiBAGALVA^ 

PNAPPASVLSSHSPGSGSSTTQGQDVTLAPA 

HRYHIJjCLBRDLQRLIGNERPMVQRIjPEPQDV^ 

EVPADTRPWSGYNCXnJCKFGVmSPNCFJUCKPPVIRG^ 

YHSGCKILPGAQGQFPRVCWTVDSLVNKBCCPRQLPHSSSHWIJttPRIP^ 

GVSRQUrrKAWNRQLYPEWTEAQRWWPJ>IDFAHBAPAF 

AFVTWHRYHAAMLLAVLYCLLWSFG/TSAGHFPPJVCVSSKAFELTVS 
CESABII^VPSGEGDAFELTVSCQGGLPKF/TVO>SIJDDY^ 
QSPPPYSPAAIVGILLVLMAWIASLIYPJmi^QDFSVPGIGIL^ 
WLQGQDWIAPATEPASGSAATWGG^VTSVPVTSC^SSPVP^ 

PTTLLVVKGTLVALVGLFVLLAFLTTTEWVBTT ARKLPI PB PEG PDASS IMSTEGA VTLT 1 1*1X3 1 FFLCWGPF F LHLTLI VLCPIXlAAMVGAVIiTALL 

AGLVSLLCRHlOUCQLPGALVARAAVliCXJIiDNVIDVITC 

CPPWSGDPJtfjmiSrVTI^RAPRAVAAIWVAS^ 

I KS YI^QASRI WSWI*LGAAMVGAVLTAIJ^APT^^ 

RYISIFYAIiRYHSIVTIJRAPRUMPGQBAGLGOVPLIVGlI^VUfAVV^ 

SI^nW^TUSTIiCNSIiNSTPTAI PQLGLAANQTGARCLEVS I SDGHRPLrQBVYPBAHAPIGHNRBSYMVPFI PLYBPSGTTSVQVPTTBVI STAPVQM P 
TAESTGKKRVHPDWITTCflWI^LUJPNGTQPQPAN^ 

TGSDG PLIJXH'ATIJILVKRQVPLDCVLYDCWRGGQVS LKVSNDG PTL I GANAS FSIAL 
Synthetic DMA: 



TGGAATAGGCAACTGTATCCXXAATGGACAGAGGCrCAGAGAC^^ 

CCTCAGGAATCAGGATGACAGAGAGCTCTGGCCTAGGAAATTCTTT^ 

TTATCTCCAGCAAAGACCTCGGCTATGACTATAGCT^ 

CACAGATACCATCTGCTCAGGCT 

CATTCCCCTCTACAGAAACGGAGACTTTTT^ 

ATGAGTCCTTCGCTCTGCCTTACTGGAACTTTGCCA 

CCCTCCGGCACAACCTCCGTGCAAGTGCCTACCACAGAGGTCAGCAC^ 

CTATAAGCAAGGCGGATTCCTCGGCCTCAGCAATGCCTGTAT^ 

TCCCCTCCCCaKrrTGCCAACTCGTCGAC 

CTGCTCGTGGTCATGGGAACCXjAAGACGGACCCATTAGGAGAAACC^ 

CGTCGCCCAATGCATGACCGTCX3ACTCCCTGGTCAACAAAGA 

GAAACCAATACAAAACCGAAGCCGCTAGCAGATACAATCTX^ 

ATGTCCCCXrTCTGGTGGGGCTTTCTGCT^ 

CACATGGGATTTCGGAGACTCCAGCGGAACCCTCATC 

AAGCCACAGGCATt^CiX^GCCGAAGTGTCC^ 

CAGCTCACCCTCGCCTTTAGGGAAGGCACAATCA^ 

GCCTGTGACAAGGCCTGCCCTCGGCTCCACCACACrc 

GAGCCGTCACCCTC^CCATTCTGCTCGGCATTT^ 

AGCCAAGAGCTCAGGAGAACCXTCAAGGAAGTC^ 

CAAATTCGGATGGACAGGCCCTAACTGTCTGT^ 
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AAGGCTTTC^CAAAGCCGATAGCAAAAGCACACCCTTTA^ 
GACGCTACXTTCCGCCGCTAACAGACCCGCT 

CACATGCAATGGCACATACGAAGGCCTCCTGAGAAGGAATCAGATCK^ 

ATCACTCCAGCGTCCCCCCTCTC^C^AGCTCCAACC^ 

TACGATCACGTCGCCGTCCTGCTCTGCCTCGTGGTC^^ 

CTTrACCATTCCCTATTGGGATTGGAGA GACG CTGA^ 

TOt^CTGTX?TGCTCTACAGATAOGGAAGCTTTAGCGTCAC 

C TGTCCAACATTAAGTTTAGGCCTGGCTCOGTGCT 

CTTTCTGGGAGCO|TTGCCGTCGACAGATA 

CTGACGTCGAGTTTTGCCTt^CCTCACCCAATA^ 

CCOVTTGGCCATAACAGACAGTATAACATGGTGTCCCTG^ 

CGGACTGGGACAGGTCCCCCTCGGCCCTGTGACAGCCCAA 

CAACCGATGGCCATAAGTTTGGCTnTCGGGACrcAAlTGC^ 

GACAAACTGGGAACCCATACCATGGAGGTCACOGlcrACCATAGGAGAGGCTC 

CGTCGCCGCTATCTGGGTGGCTAGCGTCGTGTTTAGC^ 

ATAGCCAAGTGATCAGCCTCCACAATCTGGTCCACTCCTT^ 

AGGAGAAAGGGATACAGAGCCCrCATGGATAACTCCCTGCATGTGGGA 

GTGGGAGCAAGAGATTCAGAAACTGACAGGCGATGAGAATT^ 

TCCTtX^AAGCCTCAACTCCACCCCT 

ATtJTATTGCTTTATCTGTTGCCTOGCCCTCAGC^TCTGCT 

CCAAGTG^ 

AAATCG1\_"1\XTCCAGGGTCGAGGAATACAATTACTGTT^ 

GCCGTCATCCKXTTGCTCGAGGCTGACCCTA^ 

C^TCT^TCACCCT^CCAGACCCGCItrrGGGAAi^^ 

AAAAGTGTGACATTTXX^CAGACGAATACATGGGCGGACAGCATC 

CAOGATCCCTCOGGCTATCTGGCTGAGGCTGACCTCAGCTATACCTGGGA 

GTCCCTGACACAGTATGAGTCCGGCTCCAT^^ 

CCATCGCTCTGAATTTCCCTGGCTCCCAGAAAGTGCTCC^ 

CCCGAACACarTACCTGTGGCTGTATCrTTAAGA^ 

CGGATTCTGGGGCCCTAACTGTACCGAAAGGAGACTGCTCQ^ 

AAAGGT ATACCG AAGAGGCTGCCGCTCCCCTXXSAGAATGCCXCT 

ACCGAAATGTTTGTGACAAACTTTCCCGGAAGCCAAAAGGTCCT^ 

CTGGGGCGGAAGGCCTACCGCTGA^ 

CT^GCACACCCGGAGGCGAAAAGGAAAOTC^ 

TACStfSAAGGAGACTGATGAAGCAAGACT^ 

CCCTAACGGAACCCAACCCCAATTCGCTAAC^Xn'A 

ATACCCCTCTCTrTTACTCCAACTCCACCA^ 

CTGCTCCACCTCGCCGTCATCGGAGCCCTCCT^^ 

CGATGGCCICTTCCTCAGCCTCGGCCTCGT^ 

TCGAGGGATTCGCTAGCOrr CTGA CA GGCA TTGC^ 

AACGCTCCCCTCGGCC^ 

CTTTGCCCATGAGGCTCCCGCTTTCCT 

GCCAATGCACAGAGtm^GGGCTGACACAAGGCCTTGGT^^ 

TCCAGCACAGAGAAAAACGCTGTGTCOITGACAAGCTCX^^ 

TATCAATATCTATGACCTCTTCCTrcrrc 

ACGATGCCTGTATCTTTCCCGATGGOSGA^ 

CTCTGCAATAGCACAGAGGATGGCCCT^^ 

AGGCCAACCOGTCTACCCTCAGGAAACOGATGAOGCTItX!ATTTTCCC^ 

ftGA^CTGTCCGCCGAACAGTCCCCCCCTTO 

CT^uiiiiAGCGTaM^^ 

TACCGGAAAGAATGTGTGTGACATTGTGCCT^ 

AGGCTGCCTGCTCCGTG^TGACTTTTTCGTCTG 

GTGAGAAGGAATATCTTTGACCTCAGCGCTCCCGAAAAGGATAA 

CCAT(X»CCATAGCTATACCACAGCCGAAGAGGCTGCGGGA^ 

AAACCTGGGGCCMTACTGGCAGGTCCTGGGAGGCC^ 

ATCX3GAACCGGAAGGGCTATGCTCGGCACAC3^^ 

CGAAAGCS^U^CATOACCCCTGAGAAAGTG^ 

ATAACTCCCACCAAA6CCTCT6CAATG6CACACCCGAAG6CCCT 

GAGTGGATGAAAAGGTTrAACCCTCCCGCTGACGCTTGGCCT 

GCAAAGGCCTGTGCATCAGGGATTCGGACTGAAACTGCTCACCGTCCl^ 

AAGAGACAAGCGCTACCCAAAGGTCCTTCTGTAGCTGTCCCATTGGC^ 

A£K3AATGCCCTCGAGGGATTCGATAAGGCTGA 

C^GAACCXCTGAGGGACCCCTCAGGAGAAACCCTGGCAATCACGA 

AAui\jX"jrrCTGACA^ 

GCCTTTCTTTCCCCCTGTGACAAACGAAGAGCTtTI^^ 

CAGAIHXjGGTCGAAACCACAGCCAGAGAGCTCCCCATTACC^ 

CTGCAATTCAATAGCTCTCrGGAA^ 

CGGAAACGGAGGCTCOIGCCT^^ 

TCCACTCCCCCATGAGCTTTCTGAAflG^^ 

ATCTTTCCCGTCTGCCA^^ 

GTTTTTCCTCGCCATGCTGGTCCTGATGGCC^ 
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CCTTCAGAAACACAGTGGAAGGCTAT^^ 
GCCACAGGCAAAAAOGTCTGCt^TATCTGTACC^ 

GTCCGTGTCCCAGCTOVGGGCTCTGGATGGCGGAAACA^ qq 
TOGAG<^TCCCTCCACC^ 

CTGTCCTACACAAACCCnXXIGTCGCCGCTGCCTCOG 
CATGTTCAATGACATTAACATTTACGATCT 
TCAAGGGAGGCTCCGGCACATACTGTCTGAAT AGGTA TGGCTC^^ 
GCCGTCCCCTCCGGCX3AAGGOC^TCA<^ 
GGCTAACGCTCO^TTTGCACAGACGATCTCATGGGCTC^ 
TCCnxnxrTTTCCCTGCCAGAGACACATACCATCCX^ 
AGCTATACCAATCCCGCITnX3^ 
CCTCATCATTTGCAATGCCATTATCGATCCCC^^ 
TCGACTCC ATCTTT GAGCAATGGCTCCAGAGAAGGAATAGCA 
AACX:CTCCCTTTTTCCAAAACTCCCT^T^ 
GGCTGCCATTCXrCCTCAGCTTTGCCCTCCCCTAT^^ 
GACCCGATGTGATTGGCGCTCTGCT^ 
GCOCTCGACG6AGGCAATAAGCATTTCCTCAGG3ATCAGCCTCTC 
GTtnACCGATCAGCTCTTCGGAGC^ 
AAGACGCTCACTTTATCTATGGCTATCC^ 
AGGTTCC^ 

TC3GCCAAAAAGAGAGTGCATCCCGATTACGTCATCACAACC^ 

GTGATTCCCATTGGCACATACGGACAGATGAAGAATGGCTCO^ 

GGCTAGGGCTGCCXn'CCTGCAACAGCTOGACAATGTGT^ 

CATAGGTATCACCTCCTGTGT CTGGA AAGGGATCTGCAAA^ 

TCAGTGTCreGAAGTGGGACTGTTTGAC^CACCX^ 

ACGAATGGCTCAGGAGATACAATGCCXSATATCTCCACCm 

GAAGTGAGAGCCGATACCAGACCCTGGAGCGGAra 

CATCAGACAGAATATCCATAGCCTCCACCTCTC 

CCTTTACCGATGCCGTCGGCCTCGTGTC 

TATCACTCOGGCTGTAAGATTCTGOCTGGCGCTCAGGGACAG 

ACAGCTCCCCCATAGCTCCAGCCATTGGCTCAGGCTC 

GCCCTTGCCCTAGCGGAAGCTGGAGCCAAAAGAGAA^ 

GGAGTGTCCAGGCAA CTGAG AACCAAAGCCTQQAACAGACAGCTCTA 

T CACG AAGCCCCTGCCTTTCTGCCTTGGC^ 

TCTTTCTGCTCCTGCTCCrrGACAGTGCrCACCG^ 

AGAAGGTGTCCCCAAGAGGGATTCGATCACAGAGACTCCAAGGTCAG 

OntSCATAACGGAACCTO^CCAGAGCCACAACCACACCCGCT 

TGCATAACGCTCTGCATATCTATATGAATGGC!ACAAGGGJITACCCT 

GCTrrCXmaCCTGGCACAGATACCATGCCGCra 

CCCCTGCCCAAGTGGATGAOIGAGAGTOCTGG 

TGTGAGTCCGCCGAAATCCTCCAGGCTGTtXXrTAGC^ 

CTGCGAXACH^^ 

CCCCTCltiUGACCCCAATTCCClTTCA^ 

CAAAGCCCTCCCTClTACTCCCaX^ 

GAAACAGGATTTCTCCGTGCCTGGCATTGGCATTCTG^ 

ATAGGGCTCTGATGTACTCCTACCTCCAGGATAGCGATCC^ 

TGGCTCCAGGGACAGGATGTGACACTGGCTCCCGCTACX^^ 

CTrCTGCGGAAGCTCCCCCGTCCCCXXlAACCACAGAC^^ 

ATGGCACAAGC»CTAGGGCTACCACAACCCCTGCCTC 

CCCACAACCCTCCTGGTCGTGATGGGOVCACTGGTCG^ 

CGCTAGGGAACTGCCTATCCCTGAGCCTGAGGGACCXX^TC 

TTTTCCTCTGCrGGGGCCCTTTCTTTCrc 

(KCGGACTGGTCAGCCT^ 

CGATGTGATTACCTGTAGCTCCATGCrcAGCTCCCTGTGTAT^ 

CCACCCCTGAGGCTACCGGAATGACACXXIGCTCA 

TGCCCTCCCTGGAGCGGAGACAGAGCCCTCAGGTATCACTCCATC^ 

GGTCTTCTCCACCCXCTTCAGAGAGGGAACCATTAACGTCCAOGATGTGX^ 

TCACCATTAACCTCATGGAAAAGGAATGCT6TCCCX:CTTO 

ATCAAAAGCTATCTGGAACAGGCTAGCAGAATCTGGAGCTGGCT 

CCTCGCCTCCOICTCCACCAAAACCGATGOT 

CTCGCTOGGGCAlTCCCCrCCTGGTCCTGGTCTGOG TC 

AGGTATATCTCCATCTTTTACGCTCTX3AGATACXA 

CCAAGTGCCTCTOATTgPGGGAATCCT^^ 

TTCTGCAATACAGAAGGCTCAGGAAAGGCTATA 

AGCCTCGA(^TTACGATACrCrrCGGCACACTCnCT 

CGCTAGGTGTCTGCyVAGTGTCCATCTCCGACGGAC^ 
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ATATGGTCXXCTTT7VTCCCT 

ACXGCTGAGTCCACOGGAAAGAAAAGGGTCCACCXTGACT 
GTTTCCCAATCTGC^Ta^TTCTGAAA^ 

AACCCGAACCOGAAGGCCCTCACGCTAGCTCCATCATGAGCACAGA^ 

ACCGGAAGCCTCX3GCCCTCTGCTCGACGGAACCGCTACCCT 

CGGACAGGTCAGCCTCAAGGTCAGCAATGACX?^ 



Melanoma cancer Specific Savine Scramble process 

Scramble - Output File 

Scramble version : 0.1 beta, 08/02/1999 

Num. genes : 10 

Num. segments : 121 

Segment length : 30 

Segment overlap : 15 

Segments in original order: 



Gene 


: BAGB 


Segments 


: 1 


Offset 


: 1 


1st Codon 


: 1 


A A M 

GCOGCTATGC 


A A R 


Gene 
Segment# 


: BAGS 

: 2 


Offset 


: 16 


1st Codon 


: 1 



AVFLALSAQLLQARLMKEESPVVS 



LLQARLMKEBSPVVSWRLEPBDGTALCFI F 
CTGCTCCAGGXTTAGCCTCATGAAAGAGGAAAGCCCT 



Gene 
Segments 
Offset 
1st Codon 



BAGB 
3 

31 
1 



WRLEPEDGTALCFIFAA 



Gene : GAGE-1 

Segments : 1 
Offset : 1 
1st Codon : 1 

AAMSWRGRSTYRPRPRRYVBPPBMIGPMRP 

GCCGCTATGTCCIGGAGAGGCAGAAGCACATACAGACC^ 

Gene : GAGE-1 

Segments : 2 
Offset : 16 
1st Codon : 1 

RRYVE PPBN IG PMRPEQFSDEVE PATPBBG 
AGGAGATACGTCGAGCCTCCCGAAATGATIGGCCCTATGA^ 



Gene 
Segments 
Offset 
1st Codon 

B Q F S D 
GAGCAATTCT 



GAGE-1 
3 

31 
1 

B V 



BPATPBBGEPATQRQD PAAAQBG 



Gene : GAGE-1 

Segments : 4 
Offset : 46 
1st Codon : 1 

EPATQRQDPAAAQBGEDBGASAGQGPKPBA 

GAGCCTGCCACACAGAGACAGGATCrCGG 



Gene 
Segments 
Offset 
1st Codon 



GAGE-1 
5 

61 
1 
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EDEGASAGQGPKPEAD 



QEQGHPQTGCECE 



Gene 
Segments 
Offset 
1st Cod on 
D S Q 



GAGB-1 
6 

76 
1 

E Q G H 



pqtgcbcedgpdgqbmdppn pee 

GACTQCCAGGAACAGGGACAaCTCAGAa^^ 



Gene 
Segment# : 7 
Offset : 91 
1st Codon : 1 

DGPDGQBMDPPNPEEVKTPEEEMRSHYVAQ 
GACGGACCCGATGGCCAAGAGATGGACCCTCCCAATCCCG 



Gene : GAGB-1 

Segments : 8 
Offset : 106 
1st Codon : 1 

VKTPB EBMRSHYVAQTGI LWLLMNNCFLNL 

GTGAAAACCXTCTGAGGAAGAGATGAGGTCCCACTATGTGGCT^ 

Gene : gage- l 

Segments : 9 
Offset : 121 
1st Codon : 1 

TGILHIiLMNNCFLNLSPRKPAA 
ACCG<aAATCCTCTGGCTCCTX^TGAACAATTGCTTTCTC 

Gene : gpl00In4 

Segments : 1 
Offset : 1 
1st Codon : 1 

AASWSQKR S P VYVWKTWGEGLPSQPIIHTC 
GCCGCTAGCTGGAGCCAAAAGAGAAGCTTTGTGTATGTGTO 

Gene : gplO01n4 

Segments : 2 
Offset : 16 
1st Codon : 1 

TWGEGLPSQPIIHTCVYPPLPDHLSPGRPP 
ACCTGGGGCGAAGGCCTCCCCTCCCAGCCTATCATT^ 

: gpl001n4 
3 

31 
1 

L PDHLSPGRPFHLNPCDPLAA 
GTGTAT'm^mxnCCCTG^ 

Gene : MAGE-1 

Segments : 1 
Offset : 1 
1st Codon : 1 

AAMSLBQRSLHCKPEEALBAQQEALGLVCV 
GCCGCTATGTCCCTGGAACAGAGAAGCCTCCACTGTAAGCCT 



Segments 
Offset 
1st Codon 
V Y P F 



Gene 
Segments 
Offset 
1st Codon 
SAL 



Gene 

Segments 
Offset 
1st Codon 
Q A A T 



MAGE-1 
2 

16 
1 

A Q Q B A L G LV C V QAATSSSSPLVLGTL 
W^CAACAGGAAGCCCTa^KXTTCGltn^ 

MAGE-1 
3 

31 
1 

SSSSPLVLGTLBEVPTAGSTDPPQSP 

&CAGCCGGAAGCACAGACCCTCCCCAAAGCCCT 
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Gene : HAGE-1 

Segment? : 4 
Offset : 46 
1st Codon : 1 

EEVPTAGSTD PPQS PQGASAFPTTINFTRQ 
GAGGAAGTGCCTACCXKTTGGCTCCACCGATCCCCCTCACT 

Gene : MAGB-1 

Segment# : 5 
Offset : 61 
1st Codon : 1 

QGASAFPTTINFTRQRQPSBGSSSREEEGP 
CAGGGAGCCTCCGCCTTrCCCACAA 

Gene : MAGB-1 

Segments : 6 
Offset : 76 
1st Codon : 1 

RQPSEGSSSREEEGPSTSCILBSLFRAVIT 
AGGCAArcCTCXXSAGGGAAGCTCCAGCAG 

Gene : MAGB-1 

Segment^ : 7 
Offset : 91 

1st Codon : 1 

STSCI LESLFRAVI TKKVADLVGF LLLKYR" 

Gene : MAGE-1 

Segments : 8 
Offset : 106 
1st Codon : 1 

KKVADLVGFLLLKYRAREPVTKAEMLESVI 
AAGAAAGTGGCTGACCTCGTGGGATTCCTCCTGCTCTUVG^ 



Gene i MAGB-1 

Segments : 9 
Offset : 121 
1st Codon : 1 

AREPVTKAEMLESVIKNYKHCFPE I FGKAS 
GCCAGAGAGCCTGTGACAAAGGCIGAGATGCrTGGAA^ 



Gene 

Segments 
Offset 
1st Codon 
K N Y K 



MAGB-1 
10 
136 
1 

H C F 



Gene : MAGB-1 

Segments : 11 
Offset : 151 
1st Codon : 1 

ESLQLVFGIDVKEADPTGHSYVLVTCLGLS 
GAGTCCCTCCAACTCGTCTTCGGAATCG^ 



Gene : MAGB-1 

Segments : 12 
Offset : 166 
1st Codon : 1 

PTGHSYVLVTCLGLSYDGLLGDNQ IMPKTG 
CCCACAGGCCATAGCTATGTGCTCGTGACATGCCTC^ 



Segments 
Offset 
1st Codon 



MAGE-1 
13 
181 
1 



YDGLLGDNQI 



MPKTGFLI IVLVMIAMEGGH 
iTGCCTAAGACAGGCTTTCTGATTATCGTCCT^ 



Gene 



MAGB-1 
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Segments : 14 
Offset : 196 
1st Cod on : 1 

F L I IVLVMIAMBGGHAPBEEIWEELSVMEV 
TTCCTCATCATTGTGCTCGTGATGATCGCTATGGAAGG 

Gene : MAGE-1 

Segment# : 15 
Offset : 211 
1st Codon : 1 

APEEBIWEELSVMBVYDGRBHSAYGEPRKL 
GCCCCTGAGGAAGAGATTTGGGAAGAGCTCAGC^ 

Gene : MAGE-1 

Segments : 16 
Offset : 226 
1st Codon : l 

YDGRBHSAYGEPRKLLTQDLVQEKYLEYRQ 
TACGATGGCAGAGAGCATAGCGCTTACGGAGAGCCTAGG^ 

Gene : MAGE-1 

Segments : 17 
Offset : 241 
1st Codon : 1 

LTQDLVQEKYLBYRQVPDSDPARYEFLWGP 
CTGACACAGGATCTGGTCCAGGAAAAGTATCT 

Gene : MAGE-1 

Segments : 18 
Offset : 256 
1st Codon : 1 

VPDSDPARYSF 
GTGCCTGACTCCGACCCTGCCAGATACGAAT 

Gene : MAGE-1 

Segments : 19 
Offset : 271 
1st Codon : 1 

RALABTSYVKVLEYVIKVSARVRFFFPSLR 
AGGGCTCTGGCTGAGACAAGCTATGTGAAAGTGC^^ 

Gene : MAGE-1 

Segments : 20 
Offset : 286 
1st Codon : 1 

IKVSARVRFF PPSLREAALREEBBGVAA 
ATCAAAGTGTCCGCCAGAGTGAGATTCTTTTrcC^ 



: MAGE -3 

Segments : 1 
Offset : 1 
1st Codon : 1 
AAMPLEQRSQHCKP 



BEGLEARGEALGL VGA 



Gene : MAGE- 3 

Segments : 2 
Offset : 16 
1st Codon : 1 

BGLEARGEALGLVGAQAPATEEQEAASSSS 

ACAGAGGAACAGGAAGCCGCTAGCTCCAGCTCC 



Gene : MAGE -3 

Segments : 3 
Offset : 31 
1st Codon : 1 

QAPATBBQBAASSSSTLVEVTLGBVPAABS 
CAGGCTCCCGCTACCGAAGAGCAAGAGGCTGCC^ 

Gene : MAGE- 3 

Segments : 4 
Offset : 46 
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1st Codon : 1 

TLVBVTLGEVPAABS PDPPQSPQGASS LPT 
ACCCTCGTGGAAGTGACACTGGGAGAGGTCCCCGXrrc 

Gene : MAGE -3 

Segments : 5 
Offset : 61 
1st Codon : 1 

PDPP QSP QGASSLPTTMNYPLWSQSYEDSS 
CCCGATCCCXCTCAGTtrCCCC^AGGCGCT 

Gene : MAGE- 3 

Segments : 6 
Offset : 76 
1st Codon : 1 

TMNYPLWSQSYEDSSWQEEEGPSTPPDLBS 
ACCATGAACTATCCCCTCTC^TCCCA^ 

Gene : MAGE -3 

Segments : 7 
Offset : 91 
1st Codon : 1 

NQBEEGPSTFPDLESEFQAALS RKVAB LVH 
AACCAAGAGGAAGAGGGACCCTCCACCTTTCCCGATCTGGA 

Gene : MAGE- 3 

Segments : 8 
Offset : 106 
1st Codon : 1 

B F QAALSRKVAELVHFLLLKYRAREPVTKA 
GAGTTTCAGGCTGCCCTCAGC^ 

Gene : MAGE- 3 

Segments : 9 
Offset : 12X 
1st Codon : 1 

PLLLKYRAREPVTKABMLGSVVGNWQY FFP 
TTCCTCCTGCTCAACTATAGGGCTAGGGA 

Gene : MAGE- 3 

Segments : 10 
Offset : 136 
1st Codon : 1 

B M L G S V V 
GAGATGCTGGGAAGCGTCGTC 

Gene : MAGE -3 

Segments : 11 
Offset : 1S1 
1st Codon : 1 

VIFSKASSSLQLVFGIBLMBVDPIGHLYIF 
GTGATTTTCTCCAAGGCTAGCTCCAGCCTrc 

Gene : MAGE -3 

Segments : 12 
Offset : 166 
1st Codon : 1 

IELMBVDPIGHLYIFATCLGLSYDGLLGDN 
ATCGAACTGATGGAGGTCGACCCTATCGGACACCOT 

Gene : MAGE -3 

Segments : 13 
Offset : 181 
1st Codon : 1 

ATCLGljSYDGLLGDMQIMPKAGLLI I V I* A I 
GCCACATGCCTCGGCCTCAGCTATGACGGACTGCTC^ 

Gene : MAGE -3 

Segments : 14 
Offset : 196 
1st Codon : l 

QIMPKAGLLIIVLAIIAREGDCAPEEKIHE 
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CAGATTATGCCTA 



TATCATTGCCAGAGAGGGAGACTGTGCCCCIK^^^ 



Gene : MAGE -3 

Segment^ : 15 
Offset : 211 
1st Codon : 1 

IARBGDCAPE BKIWEELSVLEVFEGREDSI 
ATCGCTAGGGAAGGCGATTGCGCTCCCGAAGAGAAAAT^ 



Gene : MAGE- 3 

Segment# : 16 
Offset : 226 
1st Codon s 1 

ELSVLBVFEGREDSILG DPKKLLTQHFVQE 
GAGCTCAGCGTCCTGGAAGTGTTTGAGGGAAGGGAAGACTC^ 

Gene : MAGE-3 

Segments : 17 
Offset : 241 
1st Codon : 1 

LGDPKKLLTQHFVQENYLEYRQV 
CTGGGAGACCCTAAGAAACTCCTCACCCAACACTTT^ 



P G S D 



A C 



Segments 
Offset 
1st Codon 

M Y L 



MAGE-3 
18 
256 
1 

Y R Q V P G 



SDPACYEFLWGPRALV 



T S Y 



AACTATCTGGAATACAGACAGGTCCCCGGAAGCGATCCre 

Gene : MAGE-3 

Segments : 19 
Offset : 271 
1st Codon : 1 

YBFLWGPRALVBTSYVKVLHHMVKISGGPH 
TACGAATTCCTCTGGGGACCCAGAGCCCTCGTGGAAACCT 

Gene : MAGE-3 

Segments : 20 
Offset : 286 
1st Codon : 1 

VKVLHHMVKI SGGPHISYPPLHEWVLRBGE 
GTGAAAGTGCTXXACCATATGGTCAAGATTAGCGGAGGCXCT^ 



: MAGE-3 
Segments : 21 
Offset : 301 
1st Codon : 1 

ISYPPLHEWVIiRBGBEAA 
ATCTCCTACCCTCCCCTCCACGAATGGGTCC^^ 



Gene : PRAMB 

Segments : 1 
Offset : 1 
1st Codon : 1 

AAMERRRLWG S IQSRYI S M 
GCCGCTATGGAAAGGAGAAGGCTCTGGGGAAGCATTCAGTCCAGGTA 



S V W 



S P R R L V E 



: PRAME 
Segments : 2 
Offset : 16 
1st Codon : 1 

YISMSVWTSPRRLVELAGQSLLKDBALAIA 
TACATTAGCATGAGCGTCTCGACAAGCCCTAGGAG^ 



Gene 
Segments 
Offset 
1st Codon 



PRAMB 

3 

31 
1 



L A G Q S L L 



E A L A I 



L B L L 



BLFPPLFM 
raTCCCTCCCCTCTTCATG 
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Gene : PRAMB 

Segments : 4 
Offset : 46 
1st Codon : 1 

ALBLLPRBLFP PLFMAAFDGRHSQTLKAMV 

GCCCTCGAGCTCCTGCCTAGGGAACTGTTTCCCCCTC^ 

Gene : PRAMB 

Segments : 5 
Offset : 61 
1st Codon : 1 

A A F PGRHSQTLKAMVQAWPFTCLPLGVLMK 

GCCGCTTTCGATGGCAGACACTCCCAGACACTGA 

Gene : PRAMB 

Segments : 6 
Offset : 76 
1st Codon : 1 

Q A W P P TCLPLGVLMKGQHLHLBTPKAVLDG 
CAGGCTTGGCCTTTCACATGCCTCCCCCT^ 

Gene : PRAMB 

Segment# ; 7 
Offset : 91 
1st Codon : 1 

GQHLHLETFKAV LDGLDVLLAQBVRPRRWK 
GGCCAACACCTCCACCrCGAGACATTCAAAGCCGTCCTGGAT^ 

Gene : PRAMB 

Segments : 8 
Offset : 106 
1st Codon : 1 

1* P V LLAQBVRPRRWKLQVLDLRKNSHQDPW 
CTGGATGTGCKXTOGCTCAGGAAGT 

Gene : PRAMB 

Segments : 9 
Offset : 121 
1st Codon : 1 

LQVLD LRKNSH Q D F W TVWSGNRAS LYSFPE. 
CTGCAAGTGCTCGACCTCAGGAAAAACTCXXZACCAAGACT " 

Gene : PRAMB 

Segments : 10 
Offset : 136 
1st Codon : 1 

TVNSGNRASLYSFPBPEAAQPMTKKRKVDG 

ACOGTCTGGTCOSGCAATAGGGCrAGCCrCT 

Gene : PRAMB 

Segments : 11 
Offset : 151 
1st Codon : 1 

P BAAQPMTKKRKVDGLSTKABQ PFI PVBVI* 
CCCGAAGCCGCTCAGCCTATGACAAAGAAAAGGAAAGTGGATGGCCT^ 

Gene ' : PRAMB 
Segments : 12 
Offset : 166 
1st Codon : 1 

LSTBAE Q PF I PVBVLVDLFLKBGACDBLFS 
CTGTCX^CCGAAGCCXSAACAGCCTTTCATrc 

Gene : PRAMB 

Segments : 13 
Offset : 181 
1st Codon : 1 

V P L F L KBGACDBLFSYLI EKVKRKKNVLRI* 
GTGGATCTGTTTCTGAAAGAGGGAGCCTGTG^ 

Gene : PRAMB 

Segments : 14 
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Offset : 196 
1st Codon : 1 

YLIBKVKRKKNVLRLCCKKLKI PAMPMQDI 
TACCn^TCXSAAAAGGTCAAGAGAAAGAAAAAC^^ 

Gene : PRAME 

Segments : 15 
Offset : 211 
1st Codon : 1 

C C KKLKIFAMPMQDIKMILKMVQLDSIBDL 
TXKnXH'AAGAAACTGAAAATCT^ 

Gene : PRAMK 

Segments : 16 
Offset : 226 
1st Codon : 1 

KMI LKMVQLDSI BDLBVTCTWKLPTLAKPS 
AAGATGATCCTCAAGATGGTSCAACrGGAT^ 

Gene : PRAME 

Segments : 17 
Offset : 241 
1st Codon : 1 

EVTCTWKLPTLAKPS PYLGQMI NLRRLLLS 
GAGGTCTVCCTGTACCTGGAAGCrCCTCACACTGGCT 

Gene : PRAMS 

Segment^ : 18 
Offset : 256 
1st Codon : 1 

PYLGQMINLRRLLLSHIHASSYISPEKEEQ 
CCCTATCTGGGACAGATOATCAATCTGAGAAGGCTCCrGC^ 

Gene : PRAME 

Segments : 19 
Offset : 271 
1st Codon : 1 

HIHA5SYI SPEKEBQYIAQFTSQFLSLQCL 
CACATTCACTOTAGCTCCTACATTAGCCCTGAG 

Gene : PRAME 

Segment# : 20 
Offset : 286 
1st Codon : 1 

YIAQPTSQFLSLQCLQALYVDS LFFLRGRL 
TACaTTGCCCAATTCACAAGCCAATTCXrrCAGOT 

Gene : PRAME 

Segments : 21 
Offset : 301 
1st Codon : 1 

QALYVDSL P P LRGRLDQLLRHVMNPLETLS 
CAGGCrCTGTATGTGGATAGCCTCTTCTTTCTGAGAGGCA^ 

Gene : PRAME 

Segments : 22 
Offset : 316 
1st Codon : 1 

DQLLRHVMNPLBTLSITNCRLS EGDVMHLS 
GACCAACTGCTCAGGCATGTGATGAACCCTtrXGGAAA 

Gene : PRAME 

Segments : 23 
Offset : 331 
1st Codon : 1 

ITMCRLSBGDVMHLSQSPSVSQLSVLSLSG 
ATOVCAAACTGTAGGCTCAGCGAAGGCGATGTGA 

Gene : PRAME 

Segments : 24 
Offset : 346 
1st Codon : 1 
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QSPSVSQLSVLSLSGV M L TDVS PBPLQALL 



Gene : PRAME 

Segments : 25 
Offset : 361 
1st Codon : 1 

VMLTDVSPBPLQALLBRASATLQDLVPDBC 
GTGATGCTGACAGACGTCAGCCCTGAGCCTCTGC^ 

Gene : PRAME 

Segments : 26 
Offset : 376 
1st Codon : 1 

ERASATLQDLVFDECG ITDDQLLALLP 
GAGAGAGCCTCCGCCACACTGCAAGACCTCGTGTTT^ 



L S 



Gene : PRAMB 

Segments : 27 
Offset : 391 
1st Codon : 1 

GITDDQLLALLPSLSHC5QLTTLSFY6HSI 
GGCATTACCGATGACXZAACTGCTCGCCCTCXrrGCCT 



Gene 
Segments : 28 
Offset : 406 
1st Codon : 1 

H C S Q I* T T I» S P Y GNSZSISALQSLLQHLI6L 
CACTGTAGCCAACTGACAACCCTCAGC^ 



Gene : PRAME 

Segments : 29 
Offset : 421 
1st Codon : 1 

S ISALQSLLQHLIGLSNLTHVLYPVPLESY 
AGCATTAGCGCTCTGCAAAGCCTCCTGCAACAC^^ 



Gene : PRAMB 

Segments : 30 
Offset : 436 
1st Codon : 1 

SNLTHVLYP 
AGCAATCTGACACACGTCCTGTAT 



PJUBSYBDIHGTLHLERLAYL 
TACGAAGACATTCACGGAACCCTCCACCTCGAGAGACTGGC^ 



Gene 
Segments t 31 
Offset : 451 
1st Codon : l 

BDIHGTLHLERLAYLHARLRRLLCELGR PS 
GAGGATATCCAltSGCACACTGCATCTGGAAAGGCTCGCCTA 



Gene 
Segments 
Offset 
1st Codon 
H A R 



PRAMB 
32 
466 
1 

L R B 



LLCBLGRPSMVWL 



ANPCPHCGDR 



CACGCTAGGCTCAGGGAACTGCTCTGCGAACTGGGAAGGCCTAGCA^ 



Gene 
Segments 
Offset 
1st Codon 



PRAME 
33 
481 
1 



MVWLSANPC 



PHCGDRTPYDPBPI LCPCFMP 
TCACTGTGGCGATAGGJVCATOrTATGACCCTGAGCCTA 



Gene 
Segments 
Offset 
1st Codon 
T P Y D 



PRAMB 
34 
496 
1 

P B P I 



L C 



ACCITITACGATCCCGAACCCAT 



PCFMPNAA 

\TGCCCAATGCCGCT 
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Gene : TRP2IN2 

Segment** : 1 
Offset : 1 
1st Codon : 1 

AALMETHLSSKRYTBEAGGFPPWLKVYYYR 
GCCGCTCTGATGGAGACACACXTCAGCTCCAAGAGATACAC^ 

Gene : TRP2IN2 

Segment^ : 2 
Offset : 16 
1st Codon : 1 

BAGGPFPWLKVYYYRPVIGLRVWQWEVISC 
GAGGCTGGCIGGATTCTTTCCCTGGCTGAAAGTGTA 

Gene : TRP2IN2 

Segment* : 3 
Offset : 31 
1st Codon : 1 

PVI GLRVWQWKVI SCKLIKRATTRQPAA 

TTCXHX^TCGGACTGAGAGTGTGGCAGTGGGAGGTCAT^ 

Gene : NYNSOla 

Segments : 1 
Offset : 1 
1st Codon : 1 

AAMQAEGRGTGGSTGDADGPGGPGI PDGPG 
GCCGCTATGCAAGCCGAAGGCAGAGGCACAGGCGG 

Gene : NYNSOla 

Segments : 2 
Offset : 16 
1st Codon : 1 

DADGPGGPGIPDG PGGNAGGPGEAGATGGR 
GACGCTGACGGACXTCXJGAGGCCCTGGCATTCXXrGATGGC^ 

Gene : NYNSOla 

Segments : 3 
Offset : 31 
1st Codon : 1 

GNAGGPGEAGATGGRGPRGAGAARASG PGG 
GGCAATCCCGGAGGCCCTGGC3AAGCXX3GA^ 

Gene : NYNSOla 

Segments : 4 
Offset : 46 
1st Codon : 1 

G PRGAGAARASGPGGGA PRG PHGGAASGLN 

TAGGGGACCCCATGGCGGAGCCGCTAGCGGACTGAAT 



Gene 
Segments 
Offset 
1st Codon 



NYNSOla 
5 

61 
1 



GAPRGPHGGAASGLNGCCRCGARGPESRI.L 

Gene : NYNSOla 

Segments : 6 
Offset : 76 
1st Codon : 1 

GCCRCGARGPESRLLEFYLAMPFAT PNEAE 
GGCiXyl J iXyCAGATGCGGAGCCAGAGGCCCTGAGTCCAGGC^ 

Gene : NYNSOla 

Segments : 7 
Offset : 91 
1st Codon : 1 

EFYLAMPFATPMEAELARRSLAQDAPPLPV 
GAGTTTTACXrrCGCCATGCCCrTTGCCACACCX^ 



Gene : NYNSOla 
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Segment** : 6 
Offset : 106 
1st Codon : 1 

LARRSLAQDAPPLPVPGVLLKEFTVSGNI L 
CTGGCTAGGAGAAGCCTCGCCCAAGACGCTCCCCCTCT 

Gene : NYNSOla 

Segments : 9 
Offset : 121 
1st Codon : 1 

PGVLLKEFTVSGNILTIRLTAADHRQLQLS 
CCCGGAGTGCTCCTGAAAGAGTTTACCGTC^ 

Gene : NYNSOla 

Segments : 10 
Offset : 136 
1st Codon : 1 

TIRLTAADHRQLQLS ISSCLQQLSLLMWIT 
ACX^TTAGGCKaCOKrrGCa^TCaCAGACW 



Gene : NYNSOla 

Segment# : 11 
Offset : 151 
1st Codon : 1 

ISSCI*QQLSLI.MWITQCPL 
ATCTCCAGCTGTCTGCAACMCTCAGCCrrcCT^ 



PVPLAQPP 



G Q 



Gene : NYNSOla 

Segments : 12 
Offset : 166 
1st Codon : 1 

QCFLPVFLAQP PSGQRRAA 
CAGTGTTTCCTCCC!CGTCTTCCTCGCC^ 



: NYNSOlb 
Segments : 1 
Offset : 1 
1st Codon : 1 

AAMLMAQEA LA FLMAQGAMLAAQERRVP RA 
GCCGCTATGCTCATGGCTCAGGAAGCCCTCGCCTTTC^ 

Gene : NYNSOlb 

Segments : 2 
Offset : 16 
1st Codon : l 
QGAMLAAQER 



V P R A A B 



PGAQGQQG 



R G 



Gene : NYNSOlb 

Segments : 3 
Offset : 31 
1st Codon : 1 

ABVPGAQGQQG PRGRBBAPRGVRMAARLQG 
GCCGAAGTGCCTGGCGCTCAGGGACAGCAAGGCCCTAGGGGAAGGGA 



Gene : NYNSOlb 

Segments : 4 
Offset : 46 
1st Codon : 1 

EBAPRGVRMAARLQGAA 
GAGGAAGCCCCTAGGGGAGTCAGAATGGCTGCCAGA 



Gene 
Segments 
Offset 
1st Codon 




Gene 

Segments 

Offset 



LAGE1 
2 

16 
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1st Codon : 1 

DADG PGGPG I PDGPGGNAGGPGBAGATGGR 
GAOCSCTGAOGGACCCXMAGGCCCTGGCATTCCCGATGGCCC^ 



Gene 

Segments 
Offset 
1st Codon 



LAGEl 
3 

31 
1 



G N A G G P G 
GGCAAT 



BAGATGGRGPRGAGAARASGPRG 



Gene : LAGEl 

Segment* : 4 
Offset : 46 
1st Codon : 1 

GPRGAGAARASGPRGGAPRGPHGGAASAQD 
GGCCCTAGGGGAGCCGGAGCCGCTAGGGCTAGCGGACCCAGAGGCGG 

Gene : LAGEl 

Segment* : 5 
Offset : 61 
1st Codon : 1 

GAPRGPHGGAASAQDGRCPCGARRPDSRLL 



: LAGB1 
Segment* : 6 
Offset : 76 
1st Codon : 1 
GRCPCGARRPDSRLLQL 



H I 



MPFSSPMBAE 



Gene : LAGEl 

Segment* : 7 
Offset : 91 
1st Codon : 1 

Q L H I T M P F SS PMBABLVRRI LSRDAAPLPR 
C3VGCTCCACATTACCATGCCCTTTAGCTCCCCCA 

Gene : LAGEl 

Segment* : 8 
Offset : 106 
1st Codon : 1 

LVRRILSRDAAPLPRPGAVLKDPTVSGNLL 
CTGGTCAGGAGAATCCTCAGCAGAGACGCTGCCr^ 



s LAGB1 
Segment* : 9 
Offset : 121 
1st Codon : 1 

P G A V L K D F TVSGNLLFI RLTAADHRQLQLS 
CCCGGAGCCGTCCTGAAAGACTTTACGGTCAGCGKjU^ 

Gene : LAGEl 

Segment* : 10 
Offset : 136 
1st Codon : 1 

FIRLTAADHRQLQLS IS SCLQQLSLLMWI T 
TTCATTAGGCTCACCGCTGCCGATCACAGACAGCTCX^ 



: LAGEl 
Segment* : 11 
Offset : 151 
1st Codon : 1 

ISSCLQQLSLLMWITQCFLPVPLAQAPSGQ 
A< K^CAGCTGTCTGCAACAGCTCAGCCTCCT^ 

Gene : LAGEl 

Segment* : 12 
Offset : 166 
1st Codon : 1 

QCPLPVPLAQAPSGQRRAA 
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iCAGAGAAGGGCTGCC 



Segments in scrambled order: 



MAGB-1 #15 

APBBB IWBELSVMEVYDGRKHSAYGEP RKL 
GCCCCTGAGGAAGAGATTTGGGAAGAGCTCAGCGTCATGtf^ 

MAGB-1 #4 

BBVPTAGSTDPPQSPQGASAFPTTINFTRQ 
GAGGAAGTtXXrraCOGCTGGCTCCACCGATC 

PRAMS #10 

TVWSGNRASLYS FPEPBAAQPMTKKRK VDG 
ACCGTCTGGTCCGGCAATAGGGCTAGCCTCrACTCCTTC^ 

MAGE- 3 #14 

QIMPKAGLLI I V L A I IARBGDCAPEBK I W B 
CAGATTATGCCTAAGGCTCGCCTCCTGATTATCGTC 

PRAMB #9 

LQV L D L RKNSHQDFWTVWSGNRASLYS FPB 
CTGCAAGTGCIXX^CCTCAGGAAAAACTCCCACCA^ 

PRAMB #8 

LDVLLAQBVRPRRWKLQVLDLRKNSHQDFW 
CTGGATGTGCTCCTCGCTCAGGAAGTGAGACC^ 

NYNSOlb #2 

QGAMLAAQBRRVPRAABVPGAQGQQGPRGR 
CAGGGAGCCATGCTGGCTGCCCAAGAGAGAAGG^ 

PRAMB #24 

QSPSVSQLSVLSLSGVMLTDVSPBPLQALL 
CAGTCCTCCTCCGTGTCCrAGCTCAGCGTC 

MAGB-1 #17 

LTQDLVQEKYLEYRQVPDSD P A RYBFLWGP 
CTGACACAGGATCTX3GTCCAGGAAAAGTATCT^ 

MAGB-1 #6 

RQPSEGSSSREEBGPSTSClIfESLPRAVIT 
AGGCAACCCTCCGAGGGAAGCTCCAGCAGAGAGGAAGAGGGACCCTC 

BAGB #1 

AAMAARAVFLALSAQLLQARLMKEE SPVVS 
GCCGCTATCGCIGCO\GAGCCGTCTTCCrCG^ 

PRAMB #34 

TFYDPEPILCPCFMPNAA 
ACCTTTTACGATCCCGAACCCATTCTGT^ 

MAGE-3 #12 

IBLMEVDPIGHLYI FATCLGLSYDG LLGOM 
ATCGAACTCATGGAGGTCGACCCTATCGGACACCTCTACA 

GAGB-1 #2 

RRYVEPPBMIGPMRPBQFSDBVBPATPBBG 

AGGAGATACGTCXSAGCCKXTCXyiAATGATTGGCCCT 

TRP2IN2 #2 

E A G G F F PWLKVYYYRFVIGLRVWQWEVISC 
GAGGCTGGOGGATTCTTTCCCTGGCTGAAAGTGTATTACT 

PRAMB #1 

A A M B R R R L W GSIQSRYISMSVWTSPRRLVE 
GCCGCTATGGAAAGGAGAAGGCTCTGGGGAAGCATTCAGTCCAG 

TRP2IN2 #1 

AALMBTHLSSKRYTBEAGGFFPWLKVYYYR 
GCCGCTCTGATGGAGACACACCTCAGCTCCAAGAGATAC^ 
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MAGE- 1 #1 

AAMSLEQRSLHCKPEEALEAQQEALGLVCV 
GCCGCTATGTCCCIX^AACAGAGAAGCCTCCACrGTAAGCCTG^ 

MAGE- 1 #3 

Q A A T S S S S PLVLGTLBEVPTAG STDPPQS P 
CAGGCTGCC^CAAGCTCCAGCTCCCCCCTCGTG^ 



FRAME #4 
ALE 



LLPRELFPPLFMAAPDGRHSQTLKAMV 
CHtnTTCCCCCTCTGTTTATGGCTGCCTTTGAC^ 



MAGE -3 #16 

BLSVLBVFBGRBDS I I»GD PKKLLTQHFVQ B 
GAGCTCAGCGTCCTGGAAGTGTTTGAGGGAAGGGAAGAC^ 



MAGE-1 #11 
B S L Q L V 



P G 



MAGE- 3 #5 

PDPPQSPQGASSLPTTMNYPLWSQSYBDSS 
CCCGATCCCCCTCAGTCCCCCCAAGGCGCTAGCT 

LAG El #1 

AAMQABGQGTGGSTGDADGPGGPGI POGPG 
GCCXXTTATGCAAGCCGAAGGCCAAGGCAaK^ 

NYNSOla #12 

QCFLPVFLAQPPSGQRRAA 
CAGTGTITCCTCCCCGTCTTCCrCCCCCA^ 



9plO0In4 #2 
T W G B G L P 



MAGE-1 #7 

T S C I 



QPI IHTCVYFFLPDHLSFGRP F 
ATCATTCACACATGCGTCTACTTTTTCCTCCCCG 



NYNSOla #1 

AAMQABGRGTGGSTGDADGPGGPGI P D G P G 
GCCGCTATGCAAGJCCGAAGGCAGAGGCACAGGCGGAAG 

GAGB-1 #7 

DGPDGQEMDPPNPBBVKTPBBEMRSHYVAQ 
GACX3GACCCGATGGCCAAGAGATGGACCCTC 

NYNSOla #11 

I S S C LQQLSLLHWITQCFLPVFLAQPPSGQ 
ATCTCCAGCTGTCTGCMCAGCTaVGCCTC^ 



MAGE -3 #17 

LGDPKKLLTQ H P VQENYLBYRQVPG 
CTGGGAGACCCTAAGAAACTGCTCACCCAACACTTTGTGCAAG 



S D P A C 



MAGE-1 #2 
B A L E A 



Q Q E 



LGLVCVQAATSSSSPLVLGTL 



NYNSOla #7 

B F Y LAM P F A TPMEABLARRSLAQDAPPLPV 

GAGTTTTACCTCGCCATGCCCTTTGCCACACCCATGG 

NYNSOlb #4 

EEAPRGVRMAARLQGAA 

GAGGAAGCCCCTAGGGGAGTGAGAATGGCTGCCAGACTGCAAGGCGCTG^ 
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BAGE #3 

WRLBPBDGTALCFI FAA 
TGGAGACTGGAACCCX3AAGACXX3AACCGCrCTGTGTTTC 

GAGB-1 #3 

BQFSDBV BPATPBEGB PATQRQDPAAAQBG 
GAGCAATTCTCOGACGAAGTGGAACCOGCTACCCCTGAGGAAGGCGAACCCGCT 

MAGE -3 #6 

TMNYPLW S Q S Y B D S SNQEBBGPSTFPDLiBS 
ACCATGAACTATCCCCTCTGGTCCCAGTXXTTACGAAGACTCCA 

MAGE- 3 #7 

NQEEEGPS T F PDLBSBFQAALSRKVABLVH 
AACCAAGAGGAAGAGGGACCCTCCftOTriTC^^ 

PRAMB 813 

VwJhlJL/r^ BI.FSYLIBKVKRKKNVLRI. 
NYHSOla #10 

TIRLTAADHRQLQLSI SSCLQQLSLLMWIT 
ACCATTAGGCTCACOKnxXrCGATCAC^GACAGCT 

MAGE- 3 #1 

AAMPLBQRSQHCKPBBGLBARGBALGLVGA 
GCGGCTATGCCTCTGGAACAGAGAAGCCAAC 



NYNSOla #2 

DADGPGGPGIPDGPGGNAGGPGBAGATGGR 
GA(X^TGACGGACCG3GAGGCCCTGGCATTCCCGATG 

VKVLHHKVKISGGPH 
BTCCTGCATCACATGGTGAAAATCTCOGGCGGACCCCAT 

PRAMB 823 

1TNCRLSBGDVMHLSQSPSVSQLSVLSLSG 
ATCACAAACTGTAGGCTCAGCXyUtf^CGATGTGAT 

MAGE -3 #16 

N Y L BYRQVPGSDPACYBFLWGPRALVETSY 
AACTATCTCGAATACAGACAGGTCCCCGGAAGCGA 

MAGE- 3 #11 

V 1 F S K A S S S L Q LVFGI EL MBVDPIGHLY I F 
GTGATTTTCTCOU^GGCraGCTCCAG 

PRAMB #21 

Q A JL Y V DSL F F IiRGRLDQLLRHVMNPLBTLS 
CAGGCTCTGTATGTGGATAGCCTCrrcmtrit^GAGG 

PRAMB #20 

YIAQFTSQFLSLQCLQALYVDSLFFLRGRL 
TACATTGCCCAATTCACAAGCCAATTCCT 

PRAMB #7 

GQHLHLBTFKAVLDGLDVLLAQBVRPRRWK 
GGCCAACACCTCCACCTCGAGACATTCAAAGCCGTCCTGGAT^ 

LAGB1 #10 

FIRLTAADHRQLQLSISSCI»QQLSIjLMWIT 
TTCATTAGGCTCACX^CTGC^GATCACAGACAGCTCC^ 

PRAMB #15 

C C K K L K I F A MPMQDIKMILKMVQLDSI BDL 
TGCTGTAAGAAACTGAAAATCTTTGCCATGCCC^^ 

NYNSOla #5 

GAPRGPHGGAASGLNGCCRCGARGPBSRLL 
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MAGE-l #8 

KKVADLVGF 
AAGAAAGTGGCTGACCTCGTGGGAT 



LLLXYRARE PVTKABMLE 



V I 



KTGPLIIVLVMIAMBGGH 
:»CAGGCTTTCTGATTATCGTCCTGG^ 



PRAME #29 

SISALQSLLQHLIGLSNLTHVLYPVPL 
AGCATTAGCGCTCTXKAAAGCCTCCTGCAACACCTC^ 



B S Y 
5CTAT 



MAGE- 3 #15 
I A R B 



#22 



GDCAPBBKIWEELSVLEVPBGREDSI 
VTXTIGGGAGGAACTGTCCGTGCTCGAGGTCTT^ 



DQLLRHVMNPLETLS ITNCRLS BGDVMHLS 
GACCAACTGCTCAGGCATGTGATGAACCCTCTGGAAAC^ 



MAGE-l #19 

RALABTSYVKVL BYVI 
AGGGCTCTCGCTGAGACAAGCrATGTGAAAGTG 



KVSARVRPFPP 



L R 



PRAME #30 

SULTHVLYPVPL 
AGCAATCTGACACACGTCCTGTAT 



B S Y B D 



IHGTLHLBRLAYL 
kTTCAOGGAACCCTCCACCTCGAGAGACTGGCTTACCTC 



NYNSOlb #1 

A A M L M A Q 
GCCGCTATGCTCAT 



BALAFLMAQGAMLAAQBRRVPRA 



MAGE-l #10 

KNYKHCFPBI FGKASBSLQLV 
AAGAATTACAAACACTGTTTCXXrTGAGATTTTOGGAAW 



F G 



I D V K E A D 

tTTGACGTCAAGGAAGCCGAT 



MAGE- 3 #4 

TLVEVTLG B 
ACCCTCGTGGAAGTGACACTGGGAGA 



VPAAESPDPPQ 



P Q G A S S 



LPT 

VCA 



PRAME #32 

HARLRBLLCELGRPSMVWLSANPCPHCGDR 
CACGCTAGGCTOUX3GAACTGCTCTGOGAACTGGGAAGGCCT 

PRAME #25 

VMLTDVSPBPLQALLBRASATLQDLVFDEC 
GTGATGCTGACAGACGTCAGCCCTGAGCCTCTC 

GAGB-1 #5 

BDBGASAGQGPKPBADSQBQGH PQTGCECB 
GAGGATGAGGGAGGCTCC3GCCGGACAGGGACCCAAACCCGAAGCCGATA 

MAGE -3 #10 

BMLGSVVGNtfQYFFPVIFSKASSSLQLVFG 
GAGATGCTGGGAAGCGTCGTGGGAAACTGGCAGTATT^ 

GAGE-1 #1 

AAMSHRGRSTYRPRPRRYVEPPEMIGPMRP 
GCCGCTATGTCXTTCGAGAGGCAGAAGCACATACA^ 

PRAME #2 

YI SMSVWTSPRRLVELAGQSLLKDEALAIA 
TACATTAGCATGAGajrCTGGAOUVGCCCTAGGAGA 

MAGE-l #16 

YDGREHSAYGEPRKLLTQDLVQEKY LBYRQ 
TACGATGGCAGAGAGCATAGCGCTTACGGAGAC&CTAG 

LAGE1 #12 

QCFLPVFLAQAPSGQRRAA 
CAGTGTTTCCTCCCCGTCTTCCTCGCCCAAGCCCCT 
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MAGB-3 #20 

VKVLHHMVKISGG PHISYPPLHEWVLREGB 
GTGAAAGTGCrCCACCATATGGTCAAGATTAGCGG^ CGAA 

IAGB1 #7 

QLHITMPFSSPMEABLVRRILSRDAAPLPR 
CAGCTCCACATTACCATGCCCTTTAGCTCCCCCATGGAG 

NYNSOla #9 

PGVLLKBFTVSGNILTIRLTAADHRQLQLS 
CGCGGAGTGCTCCTGAAAGAGTTTACCGTCAGCGGAA^ 

PRAMS #16 

K M I LKMVQLOS IEDLEVTCTWKLPTLAKFS 
AAGATGATCCTCAAGATGGTGCAACTCGATAGCATTGAGG^ 

MAGE-1 #14 

F L I IVLVMIAMBGGHAPBBBIWEBLSVMEV 
TTCCTCATCATTGTGCTCGTGATGATCGCTATG 

PRAMB #17 

EVTCTWKLPTLAKFSPYLGQMINLRRLLLS 

GAGGTCACXTrGTACCTGGAAGCTCCCCACACTGGCTAAGTTTAGC 

MAGB-3 #2 

EGLEARGEALGLVGAQAPATEEQEAAS SSS 
GAGGGACTGGAAGCCAGAGGCGAAGCCCTCGGCCTCGTGGG^ 



MAGB-3 #21 

ISYPPLHEWVLREGEEAA 
ATCTCCTACCCTCCCCTCCACXaAATGGGTCCTGAGAGAGGGAGAGGAA 



PRAMB #19 
HIHASSYI 



PBKEBQYIAQPTSQPLSLQCIi 



NYNSOla #3 

G N A G G 
GGCAAT 



PGBAGAtGGRGPRGAGAARASGPGG 



NYNSOla #4 

GPRGAGAARASGPGGGAPRG PHGGAASGLN 
GGCCCTAGGGGAGCCGGAGCOGCTAGGGCTAGCGGACXX^GGA^ 



MAGE-1 #5 
Q G A 



AFPTTINFTRQRQPSEGSSSREEBGP 
ATTAACTTTACCAGACAGAGACAGCCTAGCGAAG 



NYNSOla #8 

LARRSLAQDAP PLPVPGVLLKBFTVSGNIL 
CTGGCTAGGAGAAGCCTCGCCCAAGACGCTCCCCCTCTGCCTG^ 



PRAME #5 

AAFDGRHSQTLKAMVQAWPFTCL 
GCCGCTTTCGATGGCAGACACTCCCAGACACTGAAAGCCAT 



P L G V I* M K 



MAGE-1 #20 

IKVSARVRFFFPSLREAALREBBBGVAA 
ATCAAAGTGTCCGCCAGAGTGAGATTCTTTTTCCCT 

PRAMB #27 

GITDDQLLALLPSLSHCSQLTTLSFYGNSI 
GGCATTACCGJVTGAXCAACTGCTCGCCCTCCTGCCTAGCCT 

GAGE-1 #6 

VRT PBBBMRSHYVAQTGI LWLLMNNCFLNL 
GTGAAAACCCCTGAGGAAGAGATGAGGTCCCACTATGTG 



LAGB1 #11 

ISSCLQQLSLLMWITQCFLP 
ATCTCCAGCTGTCTGCAACAGCTCAGCCTCCTG^ 



VFLAQAPSGQ 
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FRAME #14 

Y L I B KVKRKKKVLRLCCKKLKI FAMPMQD I 
TACCTCATCGAAAAGGTCAAGAGAAAGAAAAACGTCCTGAGAC^ 

MAGB-1 #9 

ARB PV TKAEMLESV I KNYKHCPP B I PG KAS 
GCCAGAGAGCCTtnGACAAAGGCIGAGATGCTGGAAAGCGTCATCAAAA 

LAGE1 #6 

LVRRILSRDAA PLPRPGAVLKDFTVSGNLL 
CTGGTCAGGAGAATCCTCAGCAGAGACX^rK^ 

PRAME #28 

H C S Q L T T L S P Y GNSISISALQSLLQHLIGL 
CACTGTAGCCAACTGACAACCCTCAGCTTTTACGGAAA 

PRAMS #33 

MVWK*. SANPCPHC6DRTFYDPBPX 
ATGGTCTGGCTCAGCGCTAACCCTTGCC^^ 

gplOOIn4 #1 

AASWSQKR S P VYVWKTWGBGLPSQPIIHTC 
GCCXKTTAGCTGGAGCCAAAAGAGAAGCTTTGTGTATGTGT^^ 

BAGS #2 

LLQARLNKEBS PVVSWRLBPBDGTALCFI F 
CTGCTCCAGGCTAGGCTCATGAAAGAGGAAAGCCCTC^ 

gplOOIn4 #3 

V Y P F L _ P P HLS PGRPPHLNFCDPLAA 
GTGTATTTCTTTCTGCCTGACCATCTGTC^ 

PRAME #18 

PYLGQMINLRRLLLSHIHASSYI SPBKBBQ 
CCCTATCTGGGACAGATGATCAATCTGAGAAGGCTCCTGCT^ 

MAGE -3 #3 

QAPATBBQBAASSSSTLVEVTLG BVPAAE S 
CAGGCTCCCGCTACOGAAGAGCAAGAGGCTGCCTCCAGCTC 

LGVLMKGQHLHLET FKAVLDG 
ATGAAGGGAOVGCATCTGCATCTGGAAACCTTTAAGGC^ 

PRAME #12 

LSTBAEQPFIPVEVLVDLFLKBGACDBLFS 
CTGTCCACCGAAGCCGAACAGCCTTTCATTCC^^ 

NYNSOlb #3 

AEVPGAQGQQG PRGRBEAPRGVRMAARLQG 
GCCGAAGTGCCTGGOGCTCAGGGACAGCAAGGCCCTAGGGGAAGGGAAGAG 

LAGB1 #5 

GAPRG PHGGAASAQDGRCPCGAR RPDSRLL 
LAG81 #4 

G PRGAGAARASG PRGGAPRG PHGGAASAQD 
GGCCCTAGGCKSAGCCGGAGCCGCTAGGGCTAGOGGACC^ 

PRAMB #3 

LAGQSLLKDEALA IAALBLLP RB LPPPLFM 
CTGGCTGGCCAAAGCCTCCTGAAAGACGAAGCCCTCXXrCATTG^ 

GAGB-1 #4 

BPATQRQDPAAAQBGEDEGASAGQGPKPEA 
GAGCCTGCCAGACAGAGACAGGATCCCGCTGCOGCrCAGGAAGGOGAAG^ 

PRAMB #11 

PEAAQPMTKKRKVDGLSTBABQPFIPVBVL 
CCCX5AAGCCGCTCAGCCTATGACAAAGAAAAGGAAAGTGGATGGC 
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LAGKl #6 

GRCPCGARRPDSRLLQLHITMPFSSPMEAB 
GGCAGATGCCCTTGCGGAGCCAGAAGGCCTGACTCCAGGCT 

LAGKl 89 

PGAVLKDFTVSGNLLFI RLTAADHRQLQLS 
OXX^AGCCGTCCTGAAAGACTTTACCGTC^ 

PRAMB #31 

EDIHGTLHLERLAYLHARLRBLLCELGRPS 
GAGGATATCCATGGCACACTGCATCrrGGAAAGGCTCGCCT 

GAGE- 1 #6 

DSQBQGHPQTGCBCEDGPDGQBMDPPNPBE 
GACIXXXIAGGAACAGGGACACCCTCAGACAGGCTGTGA 

TRP2IN2 #3 

FVIGLRVWQWBVI SCKLIKRATTRQPAA 
TTCXn^TCGGACTGAGAGTGTGGCAGTGGGAGGTCATCT 

LAGB1 #2 

DADG PGGPGI PDG PGGNAGG PG EAGATGGR 
GACGCTGACGGACCCGGAGGCCCTGGCATTCCCGA 

MAGE-1 #12 

PTGHSYVLVTCLGLSYDGLLGDNQIMPKTG 
CCCACAGGCCATAGCTATGTGCTCGTGACATGCCTCGGCCT 

MAGE -3 #9 

PLLLKYRARBPVTKABMLGSVVGNWQYFFP 

TTCCTCCTGCTCAAGTATAGGGCTAGGGAACCCCT 

GAGE-1 #9 

TGILWLLMNHCFLNLSPRKPAA 
MAGE -3 #8 

BFQAALSRKVAELVHFLLLKYRARBPVTKA 
MAGE-1 #18 

VPDSDPARYEFLWGPRALABTSYVKVLEYV 
GTGCCTGACTCCGACCCTGCCAGATACGAATTCC^^ 

NYNSOla #6 

GCCRCGARGPESRLLBFYLAMPFATPMEAE 
GGCTGTTGCAGATGCGGAGCCAGAGGCCCTGAGTCCA^ 

MAGE- 3 #13 

ATCLGLSYDGLLGDNQIMPKAGLLI I V L A I 
GCCACATGCCTCGGCCTCAGCTATGACGGACTGCTCGGCGA 

LAG61 #3 

GNAGGPGEAGATGG. RGPRGAGAARASGPRG 
GGCAATG^CGGAGGCCCTGGCGAAGCCGGAGCCACA 

Artificial Protein: 



APEEEIWEELSVMEVYDGREHSAYGBPRKLEEVPTAGSTDPPQSPC^ASAFPTT 
LI IVLAI IAREGDCAPBBKIWEWJVUJLRKNSHQDFWTVWSQIRA^ 
BVPGAQGWPRGRQSPSVSQLSVl^LSGVMLTDVSPBPLO^LIJ, 
FRAVITAAMAARAVFIiALSAQLlXJARIiMKBESPWSTPYDPEPIIXTPCFMPNA 
PBQFSDEVBPATPBEGEAGGFFPW^KVYYYRPVIGIJWWQ^ 
WLKVYYYRAAMSLEQRSIiHCKPEEAl>EAQQEAI^ 
BLSVLBWEGREDSIDGDPKKJ^TQHFVQEBSIiQLVFGIDVKEA^ 
GTGGSTGDADG PGGPGI PTC PG<X^I>PVFTjAQPPSGGJRRAATWGEGLPSQPI I 

KYRAAMQAEGRGTGGSTGDADGPGGPGI PIX^PGDGPIX^EMDPPNPEEVKTPEEEMRSHYVAQISSC^ 

TLQDLVFDBCG I TDDQLLALL PSLS LCD PKKIATQHFVQENYLEYRQ VPGSD P ACEALEAQQBALG LVCVQAATSS S S PLVUGTLB FYLAM P FATPME 

AEIJVRRSLAQDAPPLPVEEAPRGVRMAARLQGAAWRI^PKDGTAIjCP 

EEEGPSTPPDLBSNQBEEGPSTFPDLBSEFXJAAI^RKVAEliVHVDLFLKB 

I^ITAAMPI^QRSQHCKPBBGLBARGEALGLVGADAIWPGGPGIPTC 

CRLSBGDVMHLSG^PSVSQLSVLSLSGNYLEYRQVPGOT 
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RGWjDQLLRHVMNPLETLSYIAQFTSQFL^ 
I^I^IJJWITCCKKLIUFAMPMQDIKMIIiKMV^^ 
SVIYTXU>LGDNQIHPICTGFLIIVLVMIAMEGGHSISAI^ 
HVMNPLETLSITNCRLSEGDVMKLSPAIJVOT 

MAQGAMLAAQERRVPRAKNYKHCFPB I FGKASESLQLVFGIDVKBADTLVEVTLGEVPAABSPDPPQS PQGASSLPTHARLRELLCBLGRPSMVWLSA 
NPCPHCGDRVMLTDVSPEPLQAIXE3*ASATI£^ 

GAAMSWRGRSTYRPRPRRYVEPPEMIGPMRPYISMSVVTrSPRRLVE^ 

lAQAPSGQRRAAVKVLHHMVKISGGPHISYPPLHEWVL^^ 

LQI^KMILKMVQLDSIEDLBVTCTWiaPTLWCPSFLIIVL 

ARGEAI/aLVGAQAPATBEQEAASSSSISYPPI^EWVIAEGEKAAHIHASSYISPEKEBQYI 

ASGPGGGPRGAGAARASGPGGGAPRGPHGGAASGLNQGASAPP1TINFTRQRQPSEGSS 

PDGRHSCyiTJCAMVQAWPPTCLPIX^JIKIICVSARVRFPP 

VAQTCIUfIJjMNNCFI^ISSCLQQLSLI>IWITQCP^ 

CFPBIFGKASLVRRIIi>RBAAPLPRPGAVLKDFTVSG^ 

MPAASWSQKRSFVYVWKTWGEGLPSQPI IHTCLLQARLMKBES PWSWRLBPKDGTALCFI FVYFFLPDHLSFGRPFHLNPCT)PIjAAPYIiGQMINLRR 
LLLSHIHASSYISPBKBBQ0APATBBQEAASSSSTLVBVTU3EVPAAB 

LKKGACDE LFSAEVPGAQG<X>2PRGRBEAPRGVR>4AARLiQGGAPRG PHGGAAS AQDGRC PCGARRPDS RLLG PRGAGAARASG PRGGAPRG PHGGAAS 

AQDLAGQSLIOTEAIAIAALEIJjPRELFPPLFMBPAT^^ 

GARRPDSRI*LQLHITMPFSSPMRAEPGAVLKDFTVSGNLLFIRLT^ 

CBDGPDGQEMDPPNPEBFVIGLRVWQWBVISCn^ 

QIMPKTGFIJiIJCYRARBPVTKAEMIXSSVVGNWQYPFPTGI LWLLMNNCFLNLS PRKPAAEFQAALSRKVABLVHFLLIJCYRARE PVTKAVPDSD PAR Y 

EFl^rePRAIAETSYVKVLEYVGCCRCGARGPBSRI^FYIiAMPFA 

RGAGAARASGPRG 

Artificial DMA: 



GCCCCTGAGGAAGAGATTIX3GGAAGAGCTCAGCGTCAT 
GCCTACCGCTGGCTCCACCGATCCCCCTCAGTCCCCCC^ 
ATAGGGCTAGCCTCTACTCCTTCCCTGAGCCTGAGGCTC 
CTGATTATCXn'CCTGGCTATCATTGCCAGAGAG 
CCAAGACTTTTGGACAGTCTGGAGCGGAAACAGAGCCTCC^ 
GGAAGCTCCAGGTCCTGGATCTGAGAAAGAATAGCC^ 
GAGGTCXXX3GGAGCCCAAGGCCAACAGGGACCCAGAGGCA 
OGATGTGTCCCCCG AACC CCTCCAGGCTCTGCTCCTC 
CTAGGTATGAGTTTCTGTGGGGCCCTAGGCAACCCTCra 
TTCAGAGCCGTCATCACAGCCGCTATGGCTGCCA^ 
CGTCGTGTCCACCTTTTACGATCCCGAACCCAT^ 
TCTACATTTTCGCTACCTGTCTGGGACTGTCCTA 
CCOGAACAGTTTAGCGATGAGGTCGAGCCTCCCA^ 
GATTGGCCTCAGGGTCTGGCAATGGGAAGTGATTAGCTO 
CCX5TGTGGACCTCCCCCAGAAGGCTCGTGGAAG^ 

TGGCTCAAGGTCTACTATTACAGAGCCGCTATGTCCCTGGAACAGAGAAG 

GGGACTGGTCTGCGTCCAGGCTGCCACAAGCTC^ 

AAAGCCCTGaxrrCGAGCTCCTGCCT^^ 

GAGCTCAGCGTCCTGGAAGTGTTTGAGGGAAGGGAAGACT 

GCAACTGGTCTTOSGAATOGATGTGAAAGAGGCTGA^ 

CCCCCO^AGGCGCTAGCTCCCTGCCTACCACAATX^ 

GGCACAGGCGGAAGCACAGGCGATtjCOGATGGCCCTGGOGGACCCG 

CCCTAGCGGACAG AGAA GGGCTGCCACCTGGGGO^ 

GCTTTGSGCAGACCCTTTAGCACAAGCT^ 

AAATACAGAGCCGCTATGCAAGCCX5AAGX3CAGA6GCACAGGCGGAA 

AGACGGACCCGATGGCCAAGAGATGGACCCTCCCAATCCCGA^ 

GCTGTCTGCAACAGCTCAGCCTCCTGATGT^ 

ACACTGCAAGACCTCGTGTTTGACGAATGCGGAATC^^ 

CACCCAAt^CTTTGTGCAAGAGAATOC 

GCCTCGTGTGTCTGCAAGCCGCTACCTC 

GCTGAGCTCGCCAGAAGGTCCCTGGCTCAGGATGCCCCT 

TGCCTGGAGACTGGAACCCGAAGACGGAACCGCTCTGTGTT^ 

GAAGAGGAAGGCCCTAGCACATTCCCTGACCTCGAGTCCAAC 

TCTGTCa«3GAAAGTGGCTGAGCTOyrGCATG^ 

GGAAAAAGAATGTGCTCAGGCTCACCATTAGGCTCACC^^ 

CTCATGTGGATCACAGCCGCTATGCCTCTGGAAC^^ 

CGGCGCTGACGCXGACGGACCCGGAGGCCCTGGCATTCCCGATGG^ 

ACGAATTCCTOTGGGGACCCAGAGCCCTCG^ 

TCTAGGCTCAGCGAAGGCGATGTGATGCACCT 

ACAGGTCCCC GGAAGCGATC CCGCTTGC^^ 

GCCTCOVGCTCGim"lUtX^TTGAGCTCATGGAAGT^ 

AGAGGCAGACTGGATCAGCTCCTGAGACACGTCATGAAT 

TCTCCAAGCCCTCTACGTCGACTCCCTGTT^ 

ACCTCCTCCTCGCCCAAGAGGTCAGGCCT^ 

CTCCAGCAACTGTCCCTGCTCATGTCGATCACATG^ 
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CC^GCTC^CTCCATCGAAGAC^ 
CCGAAAGO«3ACTGCTCAAGAAAGrraSCT^ 

TAGCATTAGOGCTCTGCAAAGCCTCCTGCAACACC^^ 

GGGAAGGCGATTGCGCTCCCGAAGAGAAAATCTGGGAGGAACT 

CATGTGATGAACXXrrCTGGAAACCCTCAGCATTACCAAT^ 

T6TGAAAGTGCTOGA<n^TGTGATTAAGGTCAGO(^ 

CCCra^GTCCTACGAAGACATTCACGGAACCCTCCACCTCGA 

ATGGCCCAAGGCGCTATGCTCGCCGCTCAGGAAAGGAGAGTGCCT 

AAGCCTCCAGCrcGTGTTTGGCATTGACGTCA^ 

CXX^AAGCXCTCAGGGAGCCTCCftGCCTCC^^ 

AATCCCTGTCCCCATTGCGGAGACAGAGTGATGCTGACAGACGT^ 

TCTGCTCTTCGATGfcGTGTGAG^ 

GCGAATGCGAAGAGATGCTGGGAAGOGTCGTGGGAAACTGGCACT 

GGAGCCGCTATGTCCTGGAGAGGCAGAAGCACATAa 

TAGCATGAGCGTCTGGACAAGCCCTAGGAGACTGGTCG^ 

AGCATAGCGCTTACGGftGAgCCTAGG^ 

CTCGCCCAAGCCCCTAGCGGACAGAGAAGGGCTGCCGTC^^ 

(X^TCAGTGGGTGCTCAGGGAAGGCGAAC^ 

ATGCrGCTCCCCTCCCCAGACCCGGAGTGCTOT^ 

CTGCAACTGTCCAAGAT6ATCCTCAAGATGGTGCAACTGGATAG<^ 

CTCCTTCCTCATCATTCTt>CTCGTGAT^ 

TCACCTGTACCTGGAA£XrrCCCCACACrit5GCTAAGTT^ 

GCCAGAGGCGAAGCCCTOGGCCTCXnX3GGAGCCCAAGCCCC^ 

CGAATGCXH'CCTGAGAGAGGGAGAGGAAGCCGC^ 

rcCAGTTTCTGTCCCTGCAATGCCroGGCAATGCCG 

GCCTCCGGCCCTXXKX^GGCCCTAGCX^ 



CTCTGGCTAGGAGAAGCCTCGCCCAAGACGCTCCCCCTCTGCC^ 

TTCGATGGCAGACACTCCCAGACACTGAAAGCCATGGTGC^^ 

CAGAGTGAGATTCTTTTTCCCTAGCCTCAGGGA 

T^CTGCCTAGCCTCAGCCATTGCrCCCAGCTCAra 

GTGGCTCAGACAGGCATTCTGTGGC^^ 

CCAATGCTTTCTGCCTGTGTTTCTGGCTCA^ 

AAAAGCTCAAGATTTTCGCTATGCCTATGCAAGACAT^ 

CACAGTGTCCGGCAATCTtXnt!CACTGTAGCCAACrGACAACCCTC 

ATGCCTGCCXKrTAGCTGGAGCCAAAAGAGAAGCTT^ 

GCTCCAGGCTAGGCTCATGAAAGAGGAAAGCCCTGTGGTC^ 

TTCTGCCTGACCATCTGTCCTTCGGAAGGCCTTTCCAT(^^ 

CTCCTGCTCAGCCATATCCATGCCTCCAGCTATATCTCCCCC^ 

CAGCACACTGGTCGJVGGTCACCCTCGGCGAA^ 

AGCATCTGCATCTCGAAACCTTTAAGGCTGTC 

CTCAAGGAAGGCGCTTGCGATGAGCTCTTCTCCGC^ 

CAGGATGGCCGCTAGGCTCCAGGGAGGGGCTCCCAG 

CCGATAGCAGACTGCTCGGCCCTAGGGGAGC^ 

GGAGCCTGCCACACAGAGACI^^ 

CCGCTCAGCCTATGACAAAGAAAAGGAAAGTGGATGG^ 

GGAGCCAGAAGGCCTGACTCCAGGCTCCTGCAACTGCATAT^ 

TACCGTCAGCGGAAACCTCCTGTTTATCAGACTG^ 

GGCTCGCCTATCTGCATGCCAGACTGAGAGAGCTTC 

TGTGAGGATGGCCCTGACGGACAGGAAATGGATCCCCCTAACC^^ 

ACTGATTAAGAGAGCCACAACCAGACAGCCTGCCXXrrcA^ 

CCGGAGAGGCTGGCGCTACCSGAGGCAGACCCACAGGCCA 

CAAATCATGCCCAAAACCGGATTCCTCCTGCTC^ 

ATAClTTrrCCCTACCXSGAATCCTCTGGCT 

GCAGAAAGGTCGCCGAACTGGTCCACTTTCTGCTCCTGA 

GAATTCCTCrGGGGACCCAGAGCCCTCGCCGAAACC^ 

CAGGCTCCTGGAATTCTATCTGGCTATGCCrTTCGCTAC^ 

MPTGT6CTCGCCAT 
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Cassettes for construction of a full-length HIV Savine 

Cassette Al 

ggatccaccATGACAGGCCCITCCACAAA^ 

CCCAACTGCTCCTGAATGGCTCCCTXSAGAAG 

TGACGTCAGGGACACAAAGGAAGCCCTCX^CAAAATCGA^ 

TCCAGCTCCTTCAACTTTCCACAAATC^CA^ 

CCGATATGGTGATTTACCAGTACATGGACGATCTGTATC 

ACCCX3ATAAGAAACACCAAAAGGAACCACCATTCCTCTGGATGGGATA 

CAGCCTCTTAATTTCCCT(^GATTACCCTCTGGCAGCGTCC 

AGGCTCTX3CTCX3ACAC^GGCTCCTATGGC^ 

TCACCAATACCCTATCTCTIX3AGCAACCCCT 

GAGTTTTCCAGCGAACAGACAAGAGCCAATAGCTCCGCCrc 

TCATTCTGGGATCTGGCACCAAAAACX3CCGCTACTAGAA 

GATTGAGGAGGTGCAAAAGAAAAGCGAGCAAAAGACACAACAGGCTC 

GGAAGGCAAAAGATTATCTCCCTGACAGAGACAACCAATCA^ 

CCACACTGTTTTGCGCCAGCGATGCCAAAGCCTTITG^ 

CCCCGCTGACGATACAGTGCTGGAGGAGATGAACCTC^ 

GGATTCATTAAGGTGAGAAAAATCGGACCCGAAAACCCITACAATACCCC^^ 

CCACCAAATGGAGAAAGCTCGTGGATTTCAGAGTTAGG^ 

CTCCGAAGGCTCCAGGCAAACCAGAAAGAATAGGAGAAGGAGATC 

AGACTGGTCAACXSGATTCTTAGCCXrrCGCCTCGGACGAT 

CCGTCT7VCTATGGCGTCCCCGTCTGGAGAGAGGCTC 

TGCCATGGCTGGCAGAAGCGGCGGCACAGACX1AAGAGCTCCTGAGGGCTATCAGAAT 
TCCAACCCTTACCCTTCCX3OTAGTATGAGAATCAGAACC^ 
AGAAAGCCAAAGGCTGGTTCTATAGGCATCACIT^ 
CAAAAAGTCAAAAGGTCTACCTATCA^ 

ATTATCAAAATCCAAAACTTTAGGGTCTACTATAGGGAT^ 
AGGTU^TCTGGAACAATATGACATGGATTGAGTGGGAGAGAG 
TCTGAAACCCGAACCCACAGCCCCTCCCGCTGAGAATTT^ 
GAGCUUIAAGGATAAGGAGCAATACGATCAGATTCTT^ 

TGGGACCTACCCCTGTGAATATCATTGGCAGAATTTACGAAACCTATGGO^ 
GATCAGAATCCTCCAGCAACTK3ATGTTTATCCATTTCAGA 

AAAGGTCTCGGCATTAGCCACGGAAGGAAAAAGAGAAAACAGAGAAGGGGAGCTCC 

TGGACCCCAAGCTGGAGCCTTGGAAAC^CCCrreGCT 

GTGCCCTAGCGAAGAGACAACCCCTAGCCAGAAACAGGAACAGAA 

CTCAAGTCCCTOTTTGGCAATGACAATTTC^ 

TCTTACTATGGGACCAAAGCCTCAAGCC^^ 

TAAAAACTTCAGAAAGTATACCGCTTTCACAA^^ 

GGCCAAGTGAATTGCTCACCAGGCATTTGGCAACTGGATTGCAC^ 

AGCAAT0K3CCTCTGACAGAGGAAAAGATTAAGGCTCT 

TAGCATGGATGACCTCTACGTCGGCTCCGACCTGG 
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AGATTGGCC^^CATAGGACCAAAAT 

CCAAAAGACTGAG CTC CAAGCTATCCATCTGGCTCTGC7VAGACTCCGG CTT AGAG^ 

CCCGCTGAGACrcGTCAAGAGACCGCCTTTTTCATTCTGAAA^ 

CAGACAATGGCAGGACAAAGATTGAGGAACTGAGACCGCATCTGCT 

GCATCAGAAAGAGCCTCCCITTCTGTCTAGTC^ 

AAGAGACX3CAGAGAAAATCACACAATGAATGGCCATACTC 

AGGAACTGCTCGAGOTCGACAAATGGGCAAGCCrCTGGAATTGGOT 

AGTGTCCCAGAATTACCCTATCGTCCAGAATGTCC^ 

GGACTGAGAATCGTTTTCGCTGTGCTCAGCATTATCAATAGGGTC^ 

CCCTCCCCCTCATCCATCTGCAATACTTTGACT^ 

AGTGAGAAGGAGATGCX3AATACGCTGTGGGACTCGGAGCCATG 

ATGGGCGCTGCCTCC^TGAC^CTGACAGTGCAAGCCTATGACCCT 

AGGGCCAGGGTCAGTGGACATTTCAGATTTTCCAAGAG 

CGTCAAC^TCATCXSGAAGGAACATGCTO 

GCTATCTTTCAGTCCAGCATGCCACAGATTC^^ 

ATCCTAGCCCTCTGACATTCGGATGGTGTTT 

GGGCXJAAAACAATTGCCCCCTGTTTAGGAAATACAC^ 

ATTAGGTATCAGTATAACGTCCTXjCCTCAGGGATGG 

AGGCTAGGCTACTGCTCAGCGGAATCGTCCAGCAACAGAGCAAT 

GCCTGTGCATGGCGTCTACTACGATCCCTCCAAGG 

TCCACCATGGTGGATATGGGAAACTACGACCTCGGAGTGGACAATi^ 

TCATGTTCATTCACTTTAGGATTGGCrrGCCA 

(^GGAAAAAGGGATGCTGGAAGTGTCGCAGAGAGGGACACCAGATGAAGG 

CrcGGAAAGGATGCCAGACIX3GTTATCAAAACCTATTGG 

ATGGCGTC7VGCATTGAGTGGAGGATAAGGGAAAGGGCTGAGGAT 

GCTCAGCACATTGGTGGACATGGGCAATTACGATC^ 

ATCGAAGAGGAAGGCGGAGAGCAAGGCAGAGGCAGAA^ 

ATGAGGGAGAGAATAACTGTCTGCTTCACCCTATCAGTCAACATGGGA 

TOATATCAAAGTGGTCCCCAGAAGGAAAGCCAAAATCATT^ 

GTGGCCAGCTTCICTTCCGAGCAAACAGGGGCTAACT 

ACAGACAGGGAACAAGCTCCAGCTGTTTCAAT^ 

CAAGAAAGGTTGTTGGAAATGCGGAAAGGAAGGCCATCAAATGAAAGACT 

GGCAAAATCTGGCCCTCCAACT^AAGGCAGACCCGGAAACITTCT 

TTAT(^TGATCGTCGGTGGACTGATTGGCCTCAGGATTATCTTO 

CCGAGACCTCGATAAACATGGCGCTATTACAAGCTCCAATACCGCrcCCAATAACGCn3A 
GCTGCTGCCATGAC^CCCCTGGAGATCATCGCTATCGTC^ 
GGACAATCGTCTACATTGAGTATGTCX5AC t ga aga t c t gaa 1 1 c 
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A2 fragment 

ggatccaccATGACAGGCCCTTGCAOUVACG^ 

CCCAACTGCTCCTGAATGGCTCCCTGAAAAGCCTCTACAATACTC 

TGAGGTCAAGGACACAAAGGAAGCCCTCGACAAAATCGAACT 

TCCAGCTCCATCAACTTTCCACAAATCACA 

CCGAAATGGTGATTTACCAGTACATGGACGAT^ 

ACCCGATAAGAAACACCAAAAGGAACCACCATTCCTCTGGAT^ 

CAGCCTTTTAATTTCCCTCAGATTACCCTCT 

AGGCTCTGCTCGA^CAGGCTCCTATGGCT^ 

TCACCAATACCCTATCTCTGAGCAACCCCTCT 

GAGTTTTCCAGCX3AACAGACAGGAGCCAATAGCT 

TCATTCTGGGATCTGGCACCAAAAACGCCGCTACTAGAAGAAT 

GATTGAGGAGGAGCAAAACAAAAGCAAGCAAAAGACACAACAGGCTC 

GGAAGGCAAAAGATTATCTCCCTGACAGAGACAAC^ 

CCACACTGTTTTGCGCCAGCGATGCCAAAGCCT 

CCCCGCTGACGATACAGTGCTGGAGGAGATGAACCTCC^^ 

GGATTCATTAAGGTGAGAAAGATCGGACCCGAAAACCCTT 

C»Ca^TGGAGAAAGCTCGTGGATTT<^GAATTAGGAT^ 

CTCCX3AAGGCACCAGGCAAACCAGAAAGAATAGGAGAAGGGGATC 

AGACnGGTCAACGGATTCTTAGCCCTCGCCT^ 

TGCCATGGCTGGCAGGAGCGGCAGCAC7VGACGAAGAGCT 

TCCAACCCTTACCCTTCCGCTAGTATT3 

AGAAAGCCAATGGCTGGTTCTATAGGCAT^ 

CAAAAAGGAAAAGGTCTACCTATCATGGGTACCA^ 

ATTATCAAAATCCAAAACTTTAGGGTCTACTATAGGGATAGCAGA 

AGGAAATCTGGAAGAATATGACATGGATTCAGTGGGAG^ 

TCTGAGACCCGAACCCA(^GCCCCTCCCGCTC 

G7\GCCAAAGGATAAGGAGCAATACGATCAGATTATTATTGAGATTTC 

TGGGACCTACCCCTCTGAATATCATTGGCAGAATTT^ 

GATCAGAATCCrrCCAGCAACTGATGTTTATCCAT^ 

AAAGGTCTCGGCATTAGCCACGGAAGGAAAAAGAGAAAACAGAGAAGGCGAGCTCCCC^ 
TGGACCCCAACCTGGAGCCTTGGAAACACCCTOTCTCCCAGCCT 
GTGCCCTAGCGAAGAGACAACCCCTAGCCAGAAACAGGAACAGAAAGACAAAG 
CTCAAGTCCCTGTTTGGCAATGACAATTT 

TCTCACTATGGGACCAAAGCCTCAAGCCnTGCGTCAAGCTCGACGTCTC 

TAAAAACTTCAGAAAGTATACCGCTTTCACAATCCCT 

GG CCAAGTGAATTGCTCACCAGGCATTTOT 

AGCAATGGCCTCAGACAGAGGAAAAGATTAAGGCTCTGACTG^ 

TAGCATGGATGACCTCTACGTCGGCTCCGAC 
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CACCTCCTGAGATGGGGACTCACCGACACCA 

ACTCCGGCTTAGAGGTCAACATTGTGACAGAC^TTCC 

ACTGGCTGGCAGATGGCCTGTGAGAATCATTCACACAGACAAT^ 

CTGCTCAAATGGGGCTTCACAACCCCTGACAAAAAGTC 

TGACAGAGGATAAGTGGAAC^AACCCCAGAAAATCAAGG^ 

CACAGAGTCCCAGAATCAGCAAGACAGAAACGAAAAGGAAC^ 

TGGTTTAACATTACCGACACCGGAAGTAGCTCCCAAGTGTCCCAGAATTACCCTATCG 

AAATGGTCCACCAACCCATCTCCCCCAGACTCGT^ 

GGTCAGGCAAGGCTATAGCCCTCnX3TCCTTCCAAACCCTCACCCTCATC 

GACTCCACCATTAGGAGAGCCATCCTTGGACACAGAGTC 

TGTTCCTTGGCTTTCTGGGTGCQXnXKSCTCCACCATC 

CCCTAGCAAAGACCTCATTGCTtSAGATTCAGAAACAGGG 

TTCAAAAACGGAACCGTCCTGGTCGGCCCTACACCC^ 

GCACCCTCAACTTTCCCATTAGCAAAGGCAGCCCTC 

TAGGAAACAAAACCCTGACATGCTCATCTATCAGTATC 

CCCGTGGACCCCAGCGAAGTGGAAGAGACCAACAAGGGCGAAAACAATTGCCTCC^ 

TTACCATTCCCTCCACCAATAACX3AAACCCCTGGCATTAGCT 

CACAATGGGAGCCGCCAGCATGACCCTCACCGTCCAGGCT 

AATCTGCroGAGGAGAATAGGGAAATCCTCAAAGAGCCTC 

TCGCTTOAAATCCAAAAGCAAGGCACAGAGGAACT 

CAATAACCTCGCCGCTATTAGAATCCTGCAA 

ATTGGCATCATCCGTCAGAGAAGGGCCAGAGCTCCCAGGAAAAAGGGATGCT 

AGATGAAGGATTGCACTGAGAGACAGGCTAACTTTCTGG 

ACTGCATACCGGTGAGAGAGACTXKSCACCTCGGCCA^ 

GATAGCGGCAACX^AAAGCGAAGGCGACAGAGAAGAGCT^ 

GCC(nX5CCCCCAGGGGACCCX3ATAGGCrn3GAGAGAATCGAAGAGGA 

CAGGCTCGTGAATGGCAGTGAGGGCX3AGGAAGTCAATO 

CATGGCATGGAAGACGAAGACAGAGAGGTCAATAGCGATATCAAAGTGGTCCCCAG 
GGGATTACGGAAAGCAAATGGCTGACGATGACIK3TG 

TGCAAGCAGAAAGCTGGGAGACXSGAGGCGGAGCCGACAGACAGGGAACAAGC^^ 

GAGGGACACATTGCCAAAAGCrreTAGGGCCCCTCXSCAAGAAAGGT^ 

TGAAAGACTGTACCGAAAGGCAAGCCAATTTCCTCGGCAAAATCTGGCCCT 

TCTCCAAAGCAAATGGCTCTGGTATATCAAAA 

TTTGCCGTCCTGTCCATCATTAAO^ 

CCGCTGCCAATAACCCTGACTGTGTCTC 

ttc 
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Bl fragment 

ggatccaccATGCTCGAGAATATGCTCACCC^ 

TGCCTGTGAAACTGAAACCCGGAATGGATGGCGCCGCCACCTTO 

GAGAAGCGAACTGTATAAGTATAAGGTCGTGAAGATTAAGCCTCT^ 

GTCAACACACCCCCACTGGT(^GCTATGGTATCAGCTGGAGAAAGAC 

TCAACACGATGCTGAATCITGTAGGAGGCCATCAGG^ 

CTCTGTCCTGTTTCTGGATGGCATTGACAAAGCT^ 

GCCAACGACTTTAATCIX5ATGAAGCATCTCGTCTGGGC 

TGCI^AGACATCCGAAGGCTGTCAGCAAATTGCT 

TGTCAAAACCATTATCGTCCAACTCAACGAAAGCGTCGAGAT^ 

GK?CAAGCTGGACGC<nt3GGAAAAGATTAGGCT 

GCCTGGAGGGACTGGTTTACTCCAAAAAGAGGCAAGACACT 

TAGATGGGGAACCATGATCCTCGGCTTGGTGATTATCTC 

GGAGTGCCTGTGTGGAGGAGACAGCTCCTGTCCGGCATTGTC 

CCCAACAGCATCTGCTCCAGCTC^CCGTCrreGCT 

CATCTATGAGACATACGGAGACACATGGGCGGGAGT^ 

GGATTATCX3ATATCATTGCATCCX^CATTCAGA 

TGTGTTTATCCATAACTITTAAGAGGAAGGGAGGCATTGGCGGCTACT 

GCCACCGATATCATTCCCXSTGGGCGAAATCTAT^ 

ATCTACCCGTCAGCATTCTGGATATCAGAGTGAGACAG^ 

TCCCAGAGGCCCTGACAGACTCGGAGGCATTG^ 

CCTCTGCCTCAGACAAGGGGAGACAATCC^ 

TGAATAAGGAACTGAAAAAGATTATCGGACAGGTCAGGGACCAGGCTO 

TGCCATGCAGATGCTCAAGGATACCATTAACGAA^ 

CCCGTTCCCCCTCTCACCGAGATTTGTAAAGAAATGGAAAAAGAA 

CCTATAACACACCCATCTTTGCCATTCM 

CITCATTCACAATTTCAAAAGGAGAGGCGGM 

GACTTTAGGGAGCTCAACAAACGTACACAGGATTTCTGGG 

ACCTCAGGAGCCTGTGTCTGTTCAGCTATCACA 

TAGCAGAATCGGCATCACTAGGCAACXSTAGAGGTAGGAACXS^ 

GACCCCATTCCCATTCACTATTGCGCTCC^ 

AAGAGGATTGGCATCTGGGACAGGGAGTGTCCATCGAATGGAGAC^ 
CCTCGCCGATCAGCCTAGCCTCTATCCTCCC 

GCCGCTAGAAGGGCTATCCTCGGCCATATAGTCAGGAGAAGGTGTGAGTATC^ 

CCCTGCAATACCTCGCACTCAGTCAACCC^^ 

TCAGGTCTGKnTCCTGAAGAAGGGA 

AGCAGGCAAGACGAAGACGCAGCCAAGTACCATAGCAATTGC^ 

TCGTCCCTAAGGAAATCGTCGCAAATTGCAATAAGTGTAACGAATGGACACTG 

TGAAGCCGTGAGACACTTTCCC^GACCCTGGCTGCA 
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TCCCTGAAACCCTX5TGTGAAACTGACACCCCT^ 

ACTCCACCCAAGTGGACCCOSATCrGGCrGACCAACT^ 

AATCCATCCCATCGGCCAACACGGAATGGAGGATGAGGATAGGGAAGTG^^ 

GCTCTCAGGCATATCGCTTCTAGTCCTATCGATACC^ 

TGAAACACTGGCCCCTCACCGAAGAGAAAATCAAM 

GCAGTCCAGGCCTGAGCCTACCXX^CCCCCAGCCGAGAGCTTTAGA 

TTTTACAGAGACCATTACGATAGCCX^CACCCT 

CTTGCCAAGGCX3TCK3GCGGACCCAGTCACAA^ 

CATTCCTCCCATTGTGGCCAAAGAGATTGTGGCAAACTGTG^ 

CAGGTGAACTGTAGCCCTTCCGAGGGAACAAGACAGACTAGGAAGAACAGAC^ 

GGCAAATCCACTCCATCTCCXSAGtfVGGATTCT^ 

AAGCACA(nX3CAAGAGCAAATCGCATGGATGACAAGCAAT 

AACCCTCAGTCCCAGGGCGTCGTGGAAAGCATGAACAAAGAGCT^ 

ATCTCntSGGTCTACCATACCCAAGGCTATTTCCCreACT 

TAGCAGAGAAAGACAGAGACAGATTCATTCTATTAACGAATGGATTCT 

(XITGTGCCTCTGCAACTGTATAAGACACTOAGAGCCGAA 

CACTGCTCGTGCAAAACGCTAACCCTGAC^ 

CGGAAACGAACAGGTGGACAAACTGGTCAGCGCTGGCATTAGGAAAACAGA 

GAAAACGTCACCGAGAACnTTAACATGTGGAAAAACGAT^ 

TGAAATGCAATAACAAAAGGTTCAACGGAACTGGACCCA^ 

AGAGCrrCAAGAATAGOSCTATCTCCCTGCTC^CGCTACCGOT 

GAAGTGGTTCAGTCCCGGCATCCCAAAGTGTCCM 

GGACATACTX3GGGCCTCCACACAGGCGCTGCTATGGGCGGTAAATGGTC(^^ 

AGTGAGAGAGAGAATCAGACAGACACCCCCTGCCGCn^GKKS 

GGTGCCCATACCAATGACGTCAAGCAACTGACAGAGGCTC 

TGAAATACTX3GGGGAATCTGCTCCAGTACTGGGGCCAGGAACTC 

AGCCATTGAGCTGCCTGAGAAAGAAAGCTGGACCGT 

TCCCAGATTTACCCCGGAAGAGCC^TTGAGGC^ 

TGCAAGCCAGAGTGCTCGCCATTGAGAGATACCTCGC^ 

TAGCCAATACGCTCTAGGCATCATTCAGGCT 

ATTTACAAGATCCTCACCGAATCTCAAAATCAACAC^^ 

AGAGAAGGGTCGTGCAAAGGGAAAAGCGTGCCGTCG^ 

ACCCAAAATGATCGGAGGCATTGGAGGCTTTATCAAAGT 

AACAAGGCTATCTCCTACCATAGGCTCAGGGATTTCATC 

GCTCCCTCAAAGGCCTCCAGAGAGGCACACrrGAATGCCTGGG 

AGTGATTCCCATX3TTTTCCGCTCTGTCOT 
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B2 fragment 

ggatccaccATGCTCGAGAATATGCTCAC^ 

TGCCTGTGAAACTGAAACCCGGAATGGATGGCGCCGCCATCT^^ 

GAGAAGCGAACTGTATAAGTATAAGGTCGTGAAGATTAAGCCTC^ 

GTCAACACACCCCCACTGGTCAAGCTATGGTATCAGCTGGAGAAA 

TCAACACGATGCCGAATACTGTAGGAGGCCATCAGGCT^ 

CGCTGTCCTGTTTCTGGATGGCATTAACAAAGCT 

GCCAACGACTTTAATCTGATGAAGC^TCTCGTerGGGCCT 

TGCTGGAGACATCCGAAGGCTGTAAGCAAATTGCTGAGGAA^ 

TGTCAAAACCATTATCX3TCCACCTCAACGAAAGCGTC^ 

GGCAAGCnXX3ACX3CCTGGGAAAAGATTAGGCTCAG 

GCCTGGACGGACTGATTTACTCCCAAAAGAGGCAAGAC^^ 

TAGATGGGGAACCTTGATCCTCGGCTTGGTGATTATC^ 

GGAGTGCCTGTGTGGAGGAGACAGCTCCTIX3TCCGGCATTO 

CCCAACAGCATCTGCTCCAGCTCACCGTCTGGGTC 

CATCTATGAGACATACGGAGACACATGGTCG(^AGTGGAAGCC 

CCTCCCCTCCOVTCCGTGAAAAAGCTCACCGAAGACAAATGGAATAAGCCTCAAAAGAC^ 

GGATTGTCGATATCATTGCAACCGACATTCAGACTAAGGAACTC 

TGTGTTTATCCATAACTTTAAGAGGAAGGGAGGCATTGGCGGCTACT 

GCCAGCGATATCGTTCCCGTGGGCGATATCTATAAGAGATGGATCATTCT 

ATTCACCCGTCAGCATTCTGGATATCAGAGTGAGACAGGGAT^ 

TCCCAGAGGCCCTGACAGACTCGAACGCM^ 

CCTCTGTCTCAGACAAGGGGAGACAATCCCACAGACCCTAAGGAAAGCAAAAAGGCT 

TGAATAAGGAACTGAAAAAGATTATCGGACAG^TCAGGGACCAGGCTGAG 

TGCCATGCAGATGCTCAAGGATACCATTAACGAAGAGGC^ 

CCCATTGCCCCTCTCACCXSAGATTTGTAAAGAAATGGAAAAAGAAGGC^^ 

CCTATAA(^CACCCGTCTTTGCCATTCAAGTGAGAGACCAAGCCG 

CT^CATTCACAATTTCAAAAGGA/^AGGCGGAATCGGAGG CAAAAAGAAAGATAGCACAAAGTGGAGGAAACTGGTT 

GACITTAGGGAGCTCAACAAACGTACACAGGATTTCTGGG^ 

ACCTCAGGAGCCTGTGTCTGTTCAGCTATCAC 

TAGCAGAATCGGCATCACTAGGCAACGTAGAGGTAGGAACGGCTC 

GACCCCATTCCCATTCACTATTGCGCTCCCGCTGGCTTCGCTATCC^ 

AAAAGGATTGGCATCTGGGACAGGGAGTGTCCATCGAAT^ 

CCTCGCCGATCAGCCTAGCCTCTATCCTCCCTTAGCT 

GCCGCTAGAAGGGCTATCCTCGGCCAAATAGTCAGGAGAAGGTGTGAGTATCAGTCCG^ 

CCCTGCAATACCTTGCACTCAGCC^CCCT^AAACCGC 

TCAGGTCTGCTTCCTGAAGAAGGGACTGGGAATCAGGGATTACG 

AGCAGGCAAGACGAAGACGCAGCCAAGTACCATAGCAATTGGAGAACCAT^ 

TCGTCGCTAAGGAAATCGTCXKIAAGTTGTGATAAGTC 

TGAAGCCX3TGAGACACTTTCCCAG 
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TCCCTGAAACCCTCTGTGAAACTC^ 
ACTCCACCCAAGTGGACCCCGATCTGGCTGACCATC^^ 
AATCCATCCCATGGGCCTACACX^AATGX^GGATG^ 
GCTCTCTVGGCTVrATCGCTTCTAGTCCT^ 

TGAAACAGTGGCCCCTC^CCGAAGAGAAAATCAAAGCCATTTGGCCT 

GCAGTCCAGGCCTGAGCCTACCXJCACCC^ 

TTTTACAGACACCTITTACGAAAGCCAAC^CC 

CTTGCCAAGGCGTCGGCGGACCCAGTCACAAAGCC^C^^ 

CATTCCTCCCATTGTGCCCAAAGAGATO 

CAGGTGGACTGTAGCCCTTCCGAGGGATCAAGACAGGCT^ 

GGCAAATCO^GCCATCTCCXSAGTGGAT^^ 

AAGCACACTCCAAGAGCAAATCGCATGGATGACAAACAATC 

AACCCTCAGTCCCAGGGCGTCGTGGAAAGCATGAACAAAG 

ATCTCTGGGTCTACAATACCCAAGGCTTTTTCCC^ 

TAGCAGAGCAAGACAGAGACAGATTCATGCTATTA 

(XTGTGCCTCTGCAACnSTATAAGACACTGAGAGCCGAAC^ 

CACTGCTCGTGCAAAACGCAAACCCTGACTGTGAGAAAGTC 

CGGAAACGAACAGGTGGACAAACTGGTCAGCGCTGGCA 

GAAAACGTCACCGAGAACTTTAACATGTGGAAAAACMTATGGTGGA 

TGAAATGCAATAACAAAAAGTTCAACGGAACTGGACXXrTC 

AGAGCTCAAGAATAGCGCTGTCTCCCTGCTCAACGCTACCGCT 

GAAGTGGTTCAGTCCCAGCATCCCAAAGTC 

AGACATACTGGGGCCTCCACACAGGCGCTGCTAT^ 

AGTGAGAGAGAGAATCAGACAGACACCCCCTGCCGCTGAGGGA 

AGTGCCCATACCAATGACGTCAAGCAACTGACAGAGGTTGTGC^ 

TGAAATACTTGTGGAATCKKrrCCTGTACTGGGGCC^ 

AGCCATTGTGCTGCCTGAGAAAGAAGGCTGGACCGT^ 

TCCCAGATTTACGCCGGAAGAGCCATTGAGGCTCAGC^ 

TGCAAGCCAGAGTGCTCGCCATTGAGAGATACCTCX3CCCT 

TAGCCAATACGCTCTAGGCATCATTCAGGCTCAGCCTGACAAAAGCGAAAGGGAAAT 

AGAGAAGGGTCGTGO^GGGAAAAGCGTGCCGTCGGCAT^ 
ACCCAAAATGATCGGAGGCATTGGAGGCTTTATCAAAGTCAGGC^ 
CAGAAGGCTATCTCCTACCATAGGCTCAGGGATTTCATTCT^ 
GCTCCCTGAGAGGCCTCCGGAGAGGCACACTGAATGCCTGGGTGAAAG 
AGTGATTCCCATGTTTACCGCTCTGTCCGAGGGAGCCACACTCGAG tgaaga t c t gaa 1 1 c 
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Cl fragment 

ggatccaccATGCTCGAGAGCAACACACC^ 

aagtgggatttcct6tgagaccccaagtccctagagcttggagggctatc 

aggctttgagagagccctcctagccgcx:gaatgggacagggot 

caaatgagagagcccagaggaagcgatatcgctggca 

TCAGCTTGTTTCTGAAAGAGAAAGGCGGACT 

CGAAGACCAAAGCCCTCAGAGAGAGCCTTACAATGAGTGGACC 

CAAGGCCAATGGACCTACCAAATCTTTCAGG^ 

GCGCTCAC^CAAACTGGATGACAGAAACCCTCCTGGTC 

TCTGGGAACCGGAGC(^CACnK3A7VGAGCCTGAGGTCATCCCT 

CAAGACCTCAATACXSATGOTCAACATCGTCAGCGGAC^ 

ATAACCCTCCCATCCCTGTCGGtt 

CGGCCTCAAGAAAAAGAAAAG03TCACCX3TCCTGGATGTG 

CAAAAGGAAACCTGGGAGGCTTGGTGGACGGAATACTGGCAGGOT 

CCCCTCCCCTCGTGTTTCCCGATTGGCATAACTATACCCCTGGCCCTGGCAT 

GTGCTTTAAGCTCGTGCCTGTGGACCCCAAACTGTGG 

TTTTACGTGGACGGAGCCGCCAACAGAGAGACAAAGCT^ 

TTAGCCCCAGGACCCrC2\ACGCTTGGGTCAAGCT 



GATCAGAAACTCCTCGGCATTTGGGGAT 
GGTCCAACCAAGCTGGCCATAAGU\AGTGGGAAGCCTC 
AATCAAACCCCCTCTGCCTAGCGTTAAGAC^ 
CCTAACAATAACACAAGGAAAGCXXSCCGCTAGTGAAGT^ 
CCGATACAGGCGACTCCAGCCAGGTCAGCCAAAAOT^ 
CGCTTGTTGGTGGGCCAATATCAAACAGGAGTTTGGAATC 
GGCGCTGCCAATAGGGAAACCCAACTGGGAAAGGCGGGCTATGTGACA 
GAATCTGGCAGCTCGACTGTACCCATC^ 

TGAGGCTGAGGTCGGCAATGAGCAAGTGGATAAGCT^GTGAGTTCC 

ATCAATAAGGCTCAGGAAGAGCACGAAGTCAGGGAAAGGA 

CTGTCTCCCAGGATCTGGATAAGTACGGAGCOrrCACCTCCACAAGC^ 

ACCCCTAAGTTTAAGTTCCCC^TTCAGAAAGAGACATGGGAAGCCTGGT^ 

ACAGACTGATCAGCTGTAACACAAGCGTTA 

TTACTGTGCCCCTCCTAGCTGGATGGGCTATC^ 

GAAAAGGACTCCTGGACAGTGAATGACATTCAGAAATCAA 

AAATGATGACAGCATGTCAGGGAGTGGGAGGCCCTGGCCATAAGGCT 

CATTTGGAAAGGCCCTGCCAAACTXSCrCTG^ 

CAACTGATAGAAGCCCTCCTGGATACAGGAGCCGATGA^ 

GAATCAAACAGCTCCAGGCTAGGGTCCTGGCTATC 

CTGTAGCGGAAAGGCTGCTATGGAAAACAGATGGCAAGTGATGATCCT 
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ACATGGAATAGCXrrcXSTG^ 

ATAAGTCCTTCGAAGAGATTTGGAATAACATGACCTC^^ 

TGTGTATATCGAATACAAGAAACTGCTCAGGCAAAGGAGAAT 

CTGGAAACCGCTGAGGGATGTAAACAGATCCTGGAACAGCTCCAGCCC^ 

CTAGTAGAAAGCTCCTGAAACAfiAGAAAGATTGACAGACTO 

CAATGAGTCCGAGGGAGACACACCCGGAATCAGATACCAAT^ 

CCCATTTTCOUUVGCTCCAT^^ 

AGTGCITCAACTGTGGAAAGGAAGGCCATCrCGCrAGGAATTC 

CTCCGAGGATAGCGACACCTCCGGCACACAGCAAAGCC^ 

GTGGCCAGCX^ATATATCGAAGCCGAAGTGATCCCTGC^ 

TTAAGCCTXSTGGTCAGCACACAGCTCCIG 

CTTTACCGATAACAAACIK^TCGGCAAACTGAATT 

TGTAAGCTCCTGAGAGGCACCAAAGCCCTCACT 

ATGTGAATGCTGCTCAAACCAGAGGCGATAACCCT 

AGAGACAGACCCTTGTGACGCCGCCCCTAGCTCCAACTC 

GGTTCAATATCACCAACroGCTGTGGTACATTAAGATW 
GTACTCACCTGTCTCCATCCTCGACATTAAGCAAGGCCCTAAGGA 
AAGCTCCTGTGGAAGGGAGAGGGAGCCGTCGTGAT^ 
CTAAGATTATCGAACTCAATAAGAGAACCCAAGACT^ 

TGGGG»CAATGATTCTGGGACTGGTCATCATTTGCT * 

GGGGTACAAAGGCTCTGACAGAGATTGTGACACIXS^ 

CTCCCGCCTCX3CCCTGAGACATATCGCCAGGG 

CTGGGACGCTCCAGCCTCAAGGGACTGCAAAGGGGATGGGAAGGCCTC^^ 
GGGGCTCTAGCCTCGGGCAACTGCAACCTGCTCTGA^ 



ACCAGAGCCAAAAGGAGAGTGGTCGAGAGAGAGAAAAGGCTCACCGAAATCXn^ 

TGGAGCTGGAGGAAAACAGAGAGATTCTGAGGGAACCCGTCCACGGAGTGTA 

CCAAGTCAACAATGCCAACATCATGATGCAGAGA 

GAGGAGGTCGGCTTCCCCGTCAGGCCCCAGGTCCCACTGAGACCTATGACCTAC^ 

TCTTCAGACAGGGACCOUUVGAGCCTTTCAGAGACTATGTGG^ 

CTCACAGGAAGTGAAAAACTGGGAGAAAAT^GACT 

GTGTGGGCCTCCAGGGAACTGGAAAGGTTTGCCTCC(^GTATGCCCTC 

CCGAGTCCGAGCTCGTGAATCAGATTATCGAAGAGCTCATCAAGAAGATTGCCGTC^ 

CATTGAGGTCGACCAAAGGGCTTGGAGAGCCATTCTGAATATCCCCAGGAG 

AGGTGGCCCGTCAGGACAATCTATACCGATAACGGAAGCAATTTCACT^ 

GGGCTGATGTGAAACAGCTCACCXXIAGTCGTCCAGAAAATCGCT 

CAAGTTCAGACTGCCTATCGCTGCCXaCCAGCAACGAGAACATGGA C 
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C2 fragment 

gga t cc a ccATGCTCGAGAGCAACACAGCCGCTAACAATACCGAT^ 

AAGTGGGATTTCCTGTGAGACCCCAAGTGCCTAGAGCCGGGAGGGCTATCCT 

AGGCCTTGAGAGAGCCCTCCTAGCCGCCGAATGGGATAGGATTCACCCTC 

CAAATGAGAGAGCCCAGGGGAAGCGATATOSCTC^ 

TCAGCTTGTTTCTGAAAGAGAAAGGCGGACTGGATGGCCT 

CGAAGACCAAAGCTCTCAGAGAGAGCCTTACAATGAGTGGACCCTGGAGCT 

CAAGGCCAATGGACCTTCCAAATCTTTCA^ 

GCGCTCACACAAACTGGATGACAGATACCOTCCTGGTCCAGAATGCCAATC 

TCTGGGACCCTCAGCCTCACTGGAAGAGCCTGAGGTC^ 

CAAGACCTGAATATGATGCTCAACACCGTCGGC^ 

ATAACCCTCCCATCCCTGTCGGAGAGA 

CGGCCTCAAGAAAAAGAAAAGCGTCACCGTCCTGGATC 

CAAAGGGAAACCIX5GGAGGCTTGGTGGATGGAATACTGGCAGGCT 

CCCCTCCCCTCX3TGTTTCCCGATTGGC 

GTGCTTTAAGCTCGTGCCTGTGGACC^ 

TTTTACGCGGACGGAGCCGCCAACAGAGAGACAAAGCTCG^ 

TTAGCCCC^GGACCCTCAACGCTTGGGTCAAGGTCATCGAAGAGAA 

CTGGGCTACCCATGCCTGTGTGCCTACCGATCCCAATCCCCA^ 

GATCAGAAAOTCOTCGGCATTTGGGGATGCrrCCGGCAAACTC^ 

GGTCCAACCCAGCTCGCCATAACAAAGT^ 

AATCAAACCCCCTCTGCCTAGCGTTAAGACAATCATTC 

CCTAACAATAAC7VCAAGGACAGCCGCCGCTAGTGAAGTACAGAATAAGTCCAGACAGAAA 

CCGATACAGGCAGCTCCAGCAAGGTCAGCCAAAACTATC 

CGCTTGTTGGTGGGCCAATATCAAACAGGAG 

GGCGCIX3CCAATAGGGAAACCAAACTGGGAAAGGCT 

GAATCTGGCAGCrCGACTGTACCCATCT 

TGAGGCTGAGGTCGGCAATGAGCAAGTGGATAAGCTCGTGATTTCCGGAATC^ 

ATCGATAAGGCTCAGGAAGAGCACX3AAGTCAGGGAAAGGATTAGGCX3 

CTGT(nrCCAGGATCTGGATAAGTACGGA 

TGGCGTCGGCAACCCTCAGATTTTGGGAGAGTCCAGCGCT^ 

ACCCCTAAGTTTAAGCTCCCCATTCAGAAAGAGA(^ 

ACAGACTGATCAGCTGTAACACAAGCGTTATCACAC^^ 

TTACTGTGCCCCTCCTAGCTGGATGGGCTATGAGCTCCACCCTGACAG 

GAAAAGGAGTCCTGGACAGTGAATGACATTCAGAAAACAATT 

AAAATATGACAGCATGTCAGGGAGTGGGAGGCCCTGGCCATAAGGCTAGAGTGTATT 

CATTTGGAAAGGCCCTGCCAAACTKXn'CTGG^ 

CAACTGAAAGAAGCCCTCCTGGATACAGGA^ 

GAATCAAACAGCrCCAGGCTAGGGTCCTOGCTATCGAGAGGTATC^ 
CTGTAGCGGAAAGGCTGCTATGGAAAACAGATGGCAAGTGATGATCGT 
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ACATGGAATAGCCTCGTGAAACACCATATGTA 

ATAAGTCCTTCGAAGAGATTTGGAATAACATGACCT^ 

TGTGTTTATCGAATACAAGAAACTGCTCAGGCAAAG 

CTGGAAACCGCTGAGGGATGTAAAC^GATCCr^ 

CTT^TAGAAAGCTCCTGAGACAGAGAAAGATTC 

CAATGAGTCCGAGGGAGACACACCCGGAATCAGATACCAATACAATGTC 

GCCATTTTCCAAAGCTCCATGACCAAAATCCTCATGATC 

AGTGCTTCAACTGTGGAAAGGAAGGCCATCTCGCTAGGAATTGCM 

CTCCGAGGATAGCGACACCTCCGGCACACAGC^^ 

GTGGCCAGCGGATATATCGAAGCCGAAGTGATCCCT^^ 

TTAAGCCTGTGGTCAGCACACAGCTCCTGCTCAACGGTAGCCT 

CITTACCAATAACAAACTGGTCGGCAAACT^ 

TGTAAGOTCCTX3AGAGGCACCAAAGCCCTCACCCOTCnXnX3 

ATGTGAATGCTXOTCAACCCAGAGGCGATA^^ 

AGAGACAGACCCTTTTGACGCCGCCCCTAGCTCCACCTTTCrG 

CCCCCTCTGGAAAGGCTCC^CCTCGACTC 

GGTTCAATATCACCAACTGGCTGTGGTACATTAAGATTT^ 

GTACCAACCTGTCTCCATCCTCGACATTAA 

AAGCTCCTGTGGAAGGGAGAGGGAGCCGTCGTGATTCAGGACAACT 

CTAAGATTATCGAACTGAATAAGAGAACCCAAGACTTTTGGGAAGCGC^ 

GAAAAAGAAAAAGTCCGTGACAGTGGCCGCTATGAGAGTGAAAGAGACACAGATG 

TGGGGCACAATGATTCTGGGACTGGTCATCATTTGCTCCGCCTC 

GGGGTGCAAAGGCTCTGATAGACATTGTGCC^CTGACAGAGGAAGCCGA^ 

CTCCC^CCTCGCCCTGAGAC^TATCGCCAGGGAACrroCATCCCGAGTAOT 

CTCGGACGCTCCAGCCTCAAGGAACTtS^ 

GGX3GCTrCTAGCCTGGAGCAACTGCAATCTGCT 

CGCTACCCTCTGGTGTGTGCATCAGGAGCTCTACAA 

ACC^VAAGCCAAAAGGAGAGTGGTCCAGAGAGAGAAAAGGCTC^CCGATATCGTCA(^ 

TGGAGCI^AGGAAAACAGAGAGATTCTGAAGGAACCCGTCCACGGAGTGTATAGAGTC 

CCAAGCCAACAATGCCAACATCATGATGCAGAGAGGCAATTT 

TCTTCAAACAGGGACCCTVAAGAGCCTTTCAGAGACT^ 

CTCACAGGAAGTGAAAAACTGGGAGAAAATCAGACTGAGATCT^ 

GTGTGGGCCTCCAGGGAACTGGAAAGGTTTGCCTCCCAGTATGCCCT 

CCGAGTCCGAGCTCGTGAGTCAGATTATCGAAGAGCTCATCAAGAAGATTGCCGTC^ 

C^TTGAGGTCGTCCAAAGGGCTTGGAGAGC^ 

AGGTGGCCOTTC^UVGATAATCCATACCGATAACGGAAGCAATTTCACAA 

GGGCTGATGTGAAACAGCTCACCGAAGTCGTTCAGAAAATCGCT 

CAAGTTCAGACAGCCTATCGCTGCCX3^ 
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